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(principally algae) to frontal features in the coastal upwelling 
zone. The highest concentration of biomass associated with the 
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This finding indicates that A ATP is not a good estimator of 
GTP in community assemblages of microplankton. 
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This thesis examines the distribution and production of 
micro-organisms within a coastal upwelling front located 
off Pt. Sur, California. Underway measurements of adenosine- 
5'=-triphosphate (ATP) and pigment fluorescence (principally 
chlorophyll a) were used to estimate the amount of living 
biomass present at 2.5 m. Specific and absolute productivity 
were measured by the nucleotide ratio of guanosine-5'- 
triphosphate (GTP) to ATP and GTP, respectively. This 
investigation was conducted to determine the significance 
and applicability of these productivity indices in studying 
the relationship of production and distribution of micro- 
plankton (principally algae) to frontal features in the 
coastal upwelling zone. The highest concentration of biomass 
associated with the highest rate of absolute productivity 
was preferentially located in the strong thermo-nutrient 
gradient in the warmer stratified water at the equatorward 
edge of the feature. 

The measurement of specific productivity using the GTP 
to ATP ratio was significantly correlated with assimilation 
numbers (productivity index), lending support to the hypothesis 
that this ratio is a good indicator of specific community 


PeeoGuctiyvicy in microplankton (principally phytoplankton). 





No correlation existed between the GTP concentration 
which was enzymatically determined, and the concentration of 
GTP which was inferred from the calculated values of AATP. 
This finding indicates that a ATP is not a good estimator 


of GTP in community assemblages of microplankton. 
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i.  SENTRODUCTION 


Ew See liAL DISTRIBUTION OF BIOMASS AND PRODUCTIVITY 

This thesis examines the distribution and production 
of micro-organisms within a coastal upwelling front located 
off Pt. Sur, California. Underway measurements of adenosine- 
5'-triphosphate (ATP) and pigment fluorescence (principally 
chlorophyll a) were used to estimate the amount of living 


biomass present at 2.5 m. Specific (mg C mg Chia 


ee 

h”) and 
ed ee 

absolute (mg C m™ hh) productivity were measured by a new 

method using the nucleotide ratio of guanosine-5'- 

triphosphate (GTP) to ATP and GTP, respectively. Currently 

there is no measure of productivity which can easily be 

applied to large numbers of samples in the field. It was 

the aim of this thesis to evaluate this new technique to 

determine if the GTP/ATP ratio would prove to be a viable 


146 uptake measurements in the field. There- 


alternative to 
fore, investigations were conducted to determine the signi- 
Ereanice and applicability of the productivity indice, 
EPPv/ATP, to a study of the relationship of production 
and distribution of microplankton (principally algae) to 
frontal features in the coastal upwelling zone. 

The patchy distribution of plankton arises from the 
irregular structure of many ocean variables. Thus distri- 


bution is directly affected by factors such as the intensity 


Eiemuxinag and stratification of waters, advection 


33 





and turbulent diffusion (which alter the physical and 
chemical boundary conditions by varying light, temperature, 
and salinity gradients), rate of phytoplankton growth, 
and zooplankton predation patterns / Ref. Sal Growth or 
productivity 1s primarily affected by the rate of entry 
of nutrients into the photosynthetic layer, available 
insolation, and variations in the physical environment pro- 
duced by fluctuations in the winds and currents / Ref. 2_/. 
Various studies have been initiated to try to under- 
stand the patchy distribution of biomass and the dynamics 
which are involved in producing this heterogeneous regime. 
It 1s logical to assume that the dispersal of phytoplankton 
would be controlled to some extent by the physical dynamics 
of their fluid environment. Some studies of oceanic water 
which have examined the spatial heterogeneity of biomass 
have found little evidence of any identifiable structural 
relationship / Ref. 3, 4, 5_/. The lack of information 
about the vertical structure generaily limits inferences 
which can be made about the observed horizontal variability. 
It may very well be the inhomogeneities in the environ- 
ment which produce the patchy character of the phytoplankton 
Bacmametunrn the patchy zooplankton distribution, which 
ultimately ensure the stability of the system. One 
laboratory study which supports this view investigated 
limiting nutrient patchiness in an ammonia limited con- 


tinuous culture and found that organisms were best able to 


14 





utilize their environment, determined by maximal uptake 
rate, in a patchy nutrient regime / Ref. 6 7. 

Areas of oceanic fronts, however, appear to exhibit 
some consistent structural relationships between the 
location of phytoplankton biomass and physical and chemical 
variables. Although different mechanisms are involved in 
the generation and maintenance of frontal boundaries 
(which are produced by upwelling, eddies, and the lateral 
juxtaposition of adjacent water masses), the generation of 
strong thermal and chemical gradients indicates that these 
are likely to be regions of high productivity where a 
large standing crop will be concentrated. 

The following studies, both observational and theore- 
tical, provide supporting evidence for the preferential 
occurrence of biomass in or adjacent to frontal boundaries. 

The region southwest of Pt. Sur, California, has been 
shown to be an active area of frequent upwelling advancing 
the theories of earlier investigators who proposed that the 
phenomenon of upwelling is intensified equatorward of 
capes and points along west coastSin both hemispheres 
/ Ref. 7/7. Previous research investigating features 
occurring in this region suggests that biomass is pre- 
ferentially located adjacent to frontal boundaries defined 
by strong gradients of nutrients and temperature / Ref. 8, 9/. 
It is not presently known whether this apparent relationship 


is simply the result of dynamic processes physically 


dis 





accumulating biomass through the horizontal and vertical 


movement of water parcels at this location, or if the 
conditions produced by the upwelling feature itself pro- 
Vode Optimal conditions for growth through formation of 
a "natural chemostat" / Ref. 10, ll, 12/7. 

Plankton have been found to be concentrated at the 
frontal boundary of a warm-core eddy in the southwest Tasman 
Sea / Ref. 13 /. Seasonal thermal fronts occur in the 
western Irish and Celtic Seas. The western Irish Sea 
BeOome 21S a Shallow front which is a zone of transition 
between mixed and stratified waters. An investigation of 
the microvariations occurring at the front noted increases 
in biomass at the front, measured by chlorophyll a, peaking 
on the western edge in the warmer stratified waters. 
Microbial activity, measured through Urea utilization was 
found to be highest at the front itself / Ref. 14 /. The 
relationship between biomass location, measured by 
@Bemeentrations of chlorophyll a, and primary productivity, 
measured by the carborrl4 uptake method, was studied in 
the Celtic Sea / Ref. 15 /. Increases in both biomass 
and productivity were found at the thermal discontinuity. 
A persistant salinity front occurs in Liverpool Bay. It 
has been shown that a marked increase in biomass, measured 
Byechlorepayil a, and growth, by increases in primary 
peeauctavity anad”Assimilation Index, occurs at the front 


/ Ref. 16/7. The frontal boundaries which occur in the 


16 





southwest approach to the English Channel have not only 
been found to be sites of high phytoplankton production 
but under the right conditions red tides may develop. The 
highest values of chlorophyll a were found to extend into 
the stratified side of the frontal boundary eet ey" 

Purther evidence supporting these in situ observations 
has been advanced through satellite imagery. SKYLAB obser- 
vations of the spectral properties of upwelled waters off 
the northwest coast of Africa found a strong correlation 
between ocean color ratio gradients, which are indicative 
of productivity, and sea surface temperature gradients. 
Ground truth data supported these findings / Ref. 18 /. 
Similar structure has been observed in features occurring 
SiierPt. SUL, California. Satellite anformation from the 
NIMBUS? CZCS (Coastal Zone Color Scanner) which has been 
corrected to show the visible spectral properties associated 
with the pigment chlorophyll a have confirmed the presence 
of biomass on the equatorward edge of a cyclonic feature 
in June 1980 / Ref. 19 /. These satellite images con- 
firmed previous interpretation of surface contours which 
were constructed using in situ data / Ref. 20_/ which had 
suggested the presence of such structure. 

One simulation study examined phytoplankton patchiness 
using a spatial model in which an initial phytoplankton 
patch was subjected to the stresses existing in the natural 
oceanic environment (turbulent diffusion, nutrient limita- 


Peomeeciurnal variations, and nocturnal or continuous 


de / 








grazing). This model was numerically integrated for 

several oceanic states. One case of interest examined 

an oceanic region where abundant nutrients were homogeneously 

distributed. The immediate consequence was the appearance 

of a phytoplankton bloom which proliferated as it diffused 

into the nutrient rich water. An interesting result of this 

case was the appearance of sharp gradients in the nutrient 

field near the edge of the phytoplankton patch / Ref. 21 /. 
The three-dimensional spatial structure of the bio- 

logical community is extremely complex. Through increased 

appreciation and understanding of the three-dimensional 

imteractions and identification of the controlling mechanisms 

which operate in areas of oceanic fronts such as in the 

relatively contained region where upwelling 1s occurring, 

it may be possible to extend these insights to diverse 


oceanic areas. 


B. GUANOSINE TRIPHOSPHATE 
mene Role of GTP in Protein Synthesis 

Because of its crucial role in protein biosynthesis, 
meme intracellular concentration of GTP fluctuates in direct 
proportion to the increases or decreases in ribosome 
synthesis and thus growth / Ref. 22_/. Therefore, the ratio 
of GTP to ATP has been proposed as an index of potential 
growth representing the instantaneous productivity per 


unit biomass / Ref. 23, 24 /. 





Guanosine triphosphate (GTP) is an essential fac- 
tor required for protein biosynthesis. Its presence is 
needed to initiate synthesis, for aminoacyl transfer 
Pmeernmcleic acid (tRNA) binding to” ribosomes, in trans- 
location and elongation processes, and in the termination of 
the polypeptide chain. During each of these processes 
GTP is hydrolyzed. No evidence exists for its use in the 
formation of any covalent bond, so it does not act like 
an ATP energy donor. In both bacteria and eukaryotes, 
the binding and release of initiation factors from ribosomes 
occurs only when all of the components of the initiation 
complex are present, one of which is GTP. Since initiation 
1s just the first event which begins protein synthesis, 

GTP is only significantly hydrolyzed during aminoacyl-tRNA 
binding and translocation processes. After the first 
aminoacyl-tRNA bond has formed, the acceptor site is blocked 
by the tRNA. Until this tRNA is translocated and a new 
codon on the ribosome is exposed, the site cannot accept 
an additional aminoacyl-tRNA and peptide synthesis is 
halted. GTP is one factor which 1s involved in trans- 
ferring the peptidyl tRNA to a donor site, freeing the 
acceptor site to receive another aminoacyl-tRNA complex 
ymRet: 25S / GTP thus plays an important role in the 
noncovalent binding of the translocational factors to 

the ribosomal surface. Splitting of the high energy 


phosphate bond is necessary for the movement. sBased on 


i 





experimental evidence, one GTP molecule is hydrolyzed for 
every translocation act. During the elongation process 
of protein biosynthesis in prokaryotic systems, a ternary 
complex is formed, consisting of an elongation factor, 
GTP, and aminoacyl-tRNA. This complex binds to the 
ribosome, GTP hydrolysis occurs, and a new peptide bond 
is formed / Ref. 26 /. During the elongation of a poly- 
peptide chain, two molecules of GTP must be hydrolyzed 
for every one molecule of amino acid which is incorporated 
/ Ref. 27_/. For polypeptide chain termination the 
presence of a GTP-bound release factor is necessary 
Waenet.. DB) Protein inhibitors suppress nucleotide 
synthesis, reducing the availability of newly synthesized 
GTP and CTP (cytosine triphosphate), and thus the sub- 
sequent incorporation of GTP into RNA and of d-GTP 
(deoxy-guanosine triphosphate) into DNA / Ref. 29 /. 
2. GTP as a Measure of Productivity 

The combined supply of nutrients available for the 
synthesis of new organic matter and the availability of 
energy for photosynthesis in the form of insolation deter- 
mines the upper limit of productivity for a particular 
marine ecosystem. Growth, defined as an increase in 
phytoplankton substance, measured by carborl4 uptake 
(g ae me G+) has been well documented. The assumption 


is that carbonmi4 uptake measures the net increase in new 


particulate cell carbon / Ref. 30, 31, 32_/. This method, 
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although well established, is time-consuming and difficult 
to apply in the field. 

Studies which have measured both growth rate and 
nucleotide concentrations of micro-organisms tend to support 
the hypothesis that the ratio of GTP to ATP can be equated 
to a measure of productivity or growth rate such as doublings 
per hour. Most confirm that the relative amounts of ATP 
present per unit Diomass remain constant since this level 
1s maintained independent of growth, while the levels of 
GTP per unit biomass increase. A study of the growth rate 
of the cyanobacterium Anacystis nidulans grown at different 
light intensities exhibited an exponential decrease in the 
GTP concentration per unit biomass with decreasing growth 
rate while the ATP levels per unit biomass remained 
relatively constant / Ref. 33_/. A similar decline in 
GTP levels per unit biomass was reported by Sokawa 
/ Ref. 34 7 in his studies of Escherichia coli.Inversely, 
Franzen and Binkley have shown GTP levels per unit biomass 
to increase with growth while ATP levels per unit biomass 
remain constant in this species / Ref. 35 /. In another 
study which measured GTP in micromoles per gram of dry 
weight as a function of growth rate in the bacteria 
Salmonella typhimurium, GTP per unit biomass increased 
with increasing growth rate (although a simple relation- 
ship could not be deduced) while ATP levels per unit Dio- 
mass remained constant for all media "except in the broth 


were it doubled" / Ref. 36 /. 
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A field study of the vertical distribution of 
biomass and productivity in the waters of the Black Sea 
found simultaneous increases in biomass (ATP), metabolic 
activity (measured by the energy charge), and growth 
(measured by the ratio of particulate nucleic acids to ATP) 
in the anoxic region of this water body / Ref. 37_/. Results 
reported in a later study showed a similar increase in the 


productivity ratio, GTP/ATP, at similar depths Regs 38 /. 


Ze 





ee SU sle )a)s3 


Pee crontos STRATEGY 

One purpose of this thesis was to study the distri- 
Pomeeon and productivity of microplankton within areas of 
strong thermal gradients. To accomplish this goal, data 
were acquired from the Naval Postgraduate School's research 
vessel R/V ACANIA during 27-29 October 1980 in an area 
located southwest of Pt. Sur, California, which is Known 
to be a region of recurrent upwelling events. Measurements 
of adenosine-5'-triphosphate (ATP) and chlorophyll a were 
used to estimate the amount of living biomass present. 
Productivity was determined using a new technique, viZ., 
the enzymatic determination of the nucleotide ratio of 
guanosine-5'-triphosphate (GTP) to ATP. 

Another purpose was to gain some insight into the 
pmoeleogical significance of this ratio, and to investigate 
its applicability as a measure of microplanktonic pro- 
ductivity. To study these questions two experiments were 
performed. The first, a field experiment, compared carbori4 


* hE} 


(140) uptake and assimilation numbers (mg t4c mg chla 
EO Grr and the GTP/ATP productivity ratio, respectively. 
The second experiment related rates of protein synthesis 


meer rea from the relative RNA (ribonucleic acid) to DNA 


(deoxy-ribonucleic acid) ratio for different population 
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@eeups Of Tigriopus californicus to the GTP/ATP ratio of 
similar groupings in order to determine if this productivity 
index is relevant to zooplankton. 

Prior to and during the October 1980 cruise, satellite 
infrared imagery of the area of interest was relayed to 
the scientific party by Mr. Larry Breaker, the staff 
oceanographer for the National Environmental Satellite 
Service (NESS) office located in Redwood City, California. 
The images provided the location, orientation, and dimen-~ 
Sions of the feature of interest as well as the apparent 
strength of the associated thermal gradients which defined 
the upwelling area. This information proved invaluable for 
Perptieal location and for designing a cruise track for optimal 
underway sampling strategy. Most of the sampling effort was 
concentrated near the equatorward boundary of the feature 
extending into the stratified waters of the surrounding 
region. This strategy was principally designed to select 
prime transects through areas of strong thermal gradients 
to investigate the levels of biomass and productivity within 
and adjacent to these areas. Subsequent to the completion 
of the cruise, enhanced satellite imagery coincident with 
the cruise dates was fowarded for project documentation. 
The proposed cruise track was zoom-transferred onto an 
image (Plate 1) of the California coast, taken 29 October 
1980. This view proved useful in interpreting ground 
truth data. Outer track positions are indicated for 


Bemueatation (refer to Fig. 1, 2 ). 
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Plate 1. TIROS Satellite IR image of the California 
Goace, 27 Octoper 19e0. 
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Figure 1. Cruise Track for 27-28 October 1980. 
Séade 1: 216,116 
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Figure 2. Cruise Track for 29 October 1980. 
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Once in the area, the cruise track on 27-28 October 
was an expanding square (Fig. 1). Table I gives naviga- 
epomnal positions for this portion of the cruise track. 

A continuous record of temperature and fluorescence pin- 
pointed the areas of sharp gradients and high biological 
activity validating the satellite imagery. The R/V ACANIA 
used Loran C to fix its position every half hour, while 
maintaining a speed varying between six to nine knots 
during the transit of each leg. Once the feature and 
areas of prime interest were defined, the cruise track on 
October 29th (Fig. 2) followed prime transects which 
allowed a more detailed view of the feature's major chemical 
and biological structure to be obtained. Table II gives 
navigational positions for this portion of the cruise track. 
During this phase of operations, the dissolved nutrients- 
nitrate and phosphate, fluorescence, and sample collections 
for chlorophyll, ATP, and GTP were taken, and the 


Carborrl4 experiment was begun. 


Be. MEASUREMENT TECHNIQUES 
1. Temoerature 
Temperature was measured continuously in situ by a 
thermistor immediately adjacent to the pump intake located 
in a sea chest at a depth of 2.5 meters. A strip chart 
recording was later calibrated through the use of bucket 


thermometer readings which were taken every half Nour. 
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Seawater was pumped from the keel intake to the dry 
lab where a debubbler removed air bubbles from the water in 
the line before it was shunted to the fluorescence measuring 
device. A Turner III Fluorometer provided a continuous 
record of fluorescence,which was later calibrated following 
the procedures outlined by Lorenzen / Ref. 39 _/, using 
concentrations of discrete chlorophyll a samples. The basic 
assumption of in vivo fluorometry is that there is a constant 
ratio between the fluorescence of an in vivo sample and the 
extractable chlorophyll a pigment. This value is the 
calibration ratio of the instrument, which 1s subsequently 
used to approximate the chlorophyll a concentration. This 
assumption does not always provide accurate information. 
Fluorescence can vary by a factor of two to five for a 
fixed chlorophyll a concentration when phytoplankton are 
exposed to varying conditions / Ref. 40_/. Seawater 
samples of 275 ml each were taken in triplicate hourly 
from the debubbler outflow. Each sample was vacuum fil- 
tered through a Whatman G/FC glass fiber filter with a 
pore size of approximately 0.454m. These filters are 
able to separate phytoplankton and other larger organisms. 
The filters were folded, placed in polyethelene bags 
labeled with the time and ship's position, and stored 
frozen at -30°C until analyzed according to the procedures 


earned Dy Strickland and Parsons / Ref. 41 /. 
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ee Nutrients 
A Technicon Autoanalyzer AA~II (Technicon Corporation, 

Tarrytown, New York) was used to colorometrically determine 
the reactive inorganic phosphorus and nitrogen in the 
surface water (2.5m) at a sampling rate of once every two 
minutes in accordance with the procedures outlined in 
/ Ref. 42, Ref. 43, Ref. 44 7. Cadmium columns were packed 
and conditioned for nitrate analysis in accordance with 
memes procedures detailed in Ref. 45. The autoanalyzer 
reduces the nitrate to nitrite before measurements are made. 
ieerefore traces of nitrite in the upper portion of the water 
column could erroneously elevate the levels of nitrate 
recorded. According to Paulson / Ref. 46 / this error would 
be unlikely, since his studies of the nutrient variations 
in this area have indicated that there is almost no 
interference from surface nitrite. 

4. ATP and GTP 

Vacuum filtration is the most practical and effec- 

tive method of cell concentration but, it also has a 
detrimental effect on the concentration of ATP / Ref. 47 /. 
Therefore, a minimal sample extraction volume of 50 ml was 
used for concentration and subsequent extraction of the 
nucleotides in order to reduce the effects of the filtra- 
tion procedure. To determine ATP, OATP, and GTP at a 
later date these 50 ml sample volumes which nad been 


orefiltered through a 200mm nylon screen were vacuum tiltered 
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through a microfine glass fiber filter (Reeve Angel 984-H 
with a pore size of approximately 0.45 pm). This filter 

is capable of separating algae, microzooplankton, and 

marine bacterial cells. Immediately after the final 

amount of liquid had passed through the filter, the vacuum 
mes rGleased and the filter quickly immersed in 10 ml 

of boiling Trizma (Tris (hydroxymethyl) aminomethane 

ema myadrochloride) buffer (pH 7.7) in order to extract 

eee nucleotides present in the water sample. The test tubes 
containing the extracts were labeled and stored frozen at 


Eee-G for latet analysis. 


C. LABORATORY ANALYSES 
1. Theory of ATP Analvsis 
The ATP concentration in microplankton (algae, 
microzooplankton, and bacteria) is a reasonably good 
measure of tne total living organic cellular carbon present 
Vepet. 43 /. 
The amount of ATP present within a given sample 
1s determined by the amount of light emitted during a 
bioluminescent reaction catalyzed by luciferase, Fig. 3. 
iMmeneutarst reaction, luciferin reacts with ATP 
in the pvresence of magnesium producing the bound luciferyl 
adenylate which then reacts with oxygen to form oxyluciferin, 
carbon dioxide, adenosine monophesphate and light / Ref. 50 7. 
A@cemeing co the kinetics of this reaction the quantum 


yield of visible light as measured py Seliger and McElroy 
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Figure 3: ATP luminescent reaction (from DeLuca 


[ Ref. 49_/) 


where E-LH2-AMP is the bound luciferyl 
adenylate; PP,, inorganic pyrophosphate; 
Oi, Omssgen; §CO2, Carbon dioxide: AMP, 
adenosine monophosphate; hv, light 


/ Ref. 51 / is of the order of 0.88 emitted for each ATP 
molecule which is hydrolyzed / Ref. 52_/. Concentrations 
of ATP can be determined by comparing the light emitted 
(counts per minute) by the standards with that of the 
unknown samples. 
2e Theory of GIP Analysis 
GTP was determined by the method outlined by 
Keaee / Ref. E)./ « GTP is measured using an NDPK (nucleoside 
diphosphate kinase-firefly luciferase) coupled bioluminescent 


reaction. In this method GTP is transphosphorylated to an 
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equivalent amount of ATP. The concentration of ATP is 

then determined by the amount of light produced when it 

1s reacted with a crude substrate-enzyme mixture of firefly 
luciferase-luciferin as described above. The pertinent 
reactions are: 


HK 
1. D-glucose + ATP == D-glucose 6©P + ADP + ae 


2e D-glucose 6-P NADP™ oa gluconate 


6-P+ NADPH + H° 


UDPG=PP 
a “A -D-glucose 1-P+ UTP ———— > UDP-glucose 
+ PPs 
NDPK 
4. ADP + GTP == GDP + ATP 


5. ATP + ae ee a. + PP, + Danes its 

where HK is hexokinase; G6P-DH, glucose-6 
phosphate dehydrogenase; UDPG=PP, UDP-glucose pyrophos- 
phorylase; UTP, uridine triphosphate; PP, inorganic 
oyrophosphate; NDPK, nucleoside-5'-diphosphate kinase; and 
Peeeiaretly luciferase. 

Reactions (1) and (2) eliminate all of the ATP 
present within the sample extracts, preventing any inter- 
ference from this nucleotide in the quantitative assay of 
GTP. Reaction (1) removes a phospnate from an ATP molecule 
and transrers it to D-glucose producing D-glucose-6-phos- 
phate and ADP. Reaction (2) oxidizes D-glucose-6-phosphate 
to gluconate-6-pnospnate and simultaneously reduces NADP” 


to NADPH. Reaction (2) drives reaction (1) to completion 
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ensuring that all the ATP in a given sample extract will 
be converted to ADP. In reaction (3), a phosphate is 
Bemoved £rom UTP forming UDP which is combined with a 
glucose molecule from the D-glucose-l-phosphate to form 
UDP-glucose, thus effectively preventing interference from 
UTP. In reaction (4), a phosphate is transferred from 
GTP to ADP in the presence of excess ADP producing one 
molecule of ATP for each GTP molecule which is trans- 
phosphorylated. The assay for GTP is based on the linear 
luminescent response of crude firefly lantern extracts to 
the addition of ATP (produced in reaction (4)). In reaction 
(5) ATP in the presence of the luciferin/luciferase 
enzyme preparation gives off light which is then measured 
by a photometer. This method is sensitive to picomolar 
(pM) concentrations of GTP / Ref. 54 /. 
3. Procedures for GTP Enzymatic Conversion 

For the GTP determination, 0.8 ml of each sample 
extract was pipetted into a series of disposable glass 
cuvettes (12x75mm) and placed in a test tube rack in an 
incubating water bath at 30°C. Each tube was allowed 
to come to temperature and then 0.2 ml of an enzyme 
solution containing 75mM potassium phosphate buffer (pH 7.4), 
15mM MgCl5,0.5 mM NADP, O0-5mM d-glucose, 0.5 mM «-D-glucose 
-l-phosphate, HK/G6P=-DH (2 units/ml), and UDPG-PP (5 units/ 
ml) was pipetted into each vial. To obtain the proper 
BEepOrtions, four separate solutions were prepared as 


mollows: 
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1. A 60 mM solution of MgCl, was prepared adding 5 ml 
of distilled H,0 to .l3g MgCl. 
eee 300 mM solution of KPO, was prepared by adding 
peme OL distilled HO come cold K5PO, 


3-2 A 2mM solution of D-glucose and « -D-glucose-1l- 

phosphate was prepared by adding .01802g of D-glucose 

and .03363g of « -D-glucose-l-phosphate to 50 ml H50 

("nanopure" ) 

4. A 2mM solution of NADP” was prepared by adding 

Pet mL Gistilled HO to a preweighed vial containing 

5 mg NADP 
Then 2.5 ml of each of the above four solutions were com- 
bined to produce a total solution of 10ml to which .236mg 
HK/G6P-DH and 12.5mg UDPG-PP was added. This produces a 
final enzyme solution with the desired colarities and 
required activity levels. Each vial was swirled to mix 
the reactants and then allowed to react at 36° C for 15 
minutes. The enzymes were then deactivated by placing the 
culture tubes in a boiling water bath (100°C) for three 
minutes to ensure that the GTP would not in time be 
hydrolyzed enzymatically. The rack was then removed from 
the boiling water bath and the cuvettes were allowed to 
come to room temperature (25°C) at which time they were 
sealed with parafilm and stored frozen at ~30°C until 
analyzed. 

An experiment was conducted similar to one per- 

formed by Karl / Ref. 55 _/ to confirm that these procedures 


would produce the desired enzymatic reactions. The 


enzymatic procedures outlined in the preceding paragraph 
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were followed using 0.8ml of 2xl0~’ m solutions of GTP and 


ATP. The 30°C reaction times were allowed to vary. These 
mere zero, 2 mine, 4 min., 8 min., 10 min., 20 min., and 

30 min. Percent light emission for both ATP and GTP were 
plotted as a function of reaction time (Fig. 4). The con- 
centration of solutions composed of 0.8 ml of ATP and 

GTP, respectively, to which 0.2 ml of Trizma had been 

added were used as the maximum to which all other values 
were normalized when percent light emission was calculated. 
The ATP levels dropped to zero after four minutes indicating 
that all interference from the ATP had been eliminated 

from the sample as anticipated. The GTP levels remained 
relatively constant as expected. For the zero reaction 
value the percent light emission is only about 46% vice 100% 
because it took a small amount of time before the mixture 
could come to deactivation temperature in the boiling 

water bath and halt the reaction. This delay was enough 

to significantly reduce the levels of ATP present within 
the sample. Had the enzyme preparation been injected into 
a sample which had already come to deactivation temperature 
the reaction would not have been allowed to proceed and 

the percent light emissicn would have been more nearly 
100%. The experiment confirmed that the enzymatic pro- 
cedures do in fact eliminate all interference from ATP 


which may be present in a sample extract. 
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Figure 4. Kinetics of ATP and GTP Geactr yy 1 Omerne 
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4. Procedure for Photometric Determination of ATP 
or GTP 


a. Enzyme Preparation 

Bach vial of lyophilized firefly lantern 
extract, Sigma FLE=50 (Sigma Chemical Co., St. Louis, Missouri), 
Wee reconstituted with 5 ml of distilled water, 10 ml of 
aM arsenate buffer (pH 7.4), and 10 ml of 04 ™m MgSOy4. This 
mixture was allowed to sit in the dark at room temperature 
fee eapproximately 16 hours in order to allow the level of 
background light emission to subside. To remove the 
insoluble residue, the enzyme was centrifuged for 15 minutes. 
It was then filtered through a Whatman #2 vaper filter. 
Immediately before use, 500mg of luciferin and 25 ml of 
Trizma (.02 M) were added to the bottle. Spiking the 
enzyme preparation with exogenous luciferin increases the 
net light emission per unit ATP solution / Ref. 56 _/. 
This increased reactivity allows subpicogram levels of 
ATP to be detected, which in practice allows a 50 ml sam- 
ple of seawater to be used. A larger volume would 
take too long to filter because stress produced on the 
organisms would cause them to alter their ATP levels 
(therefore, their GTP/ATP ratio would be suspect). 

When the luciferase enzyme was being vrepared 
for a GTP assay, the enzyme preparation was saturated with 
ADP using 10.0 sg. The enzyme preparation was mixed and 
stored in a 250ml plastic bottle to lessen the decay 


rate which was found to be significant in glass containers 
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/ Ref. 7 / due to shearing of the enzyme molecules which 
occurs at the glass-liquid interface. The assay was carried 
Sec Under reduced lighting conditions to minimize the des- 
eeuctive effects of normal laboratory lighting on the enzyme 
preparation. 
b. ATP and GTP Analysis 

Both ATP and GTP concentrations were analyzed 
using the light dependent reaction of ATP in the presence 
of the luciferin/luciferase enzyme preparation. The 
amount of light emitted in this reaction is proportional 
to the concentration of ATP in the unknown sample. The 
total measuring system was designed and engineered by 
Biospherical Instruments, Inc., San Diego, California. 
The primary components include an Industrial Micro Systems 
5000 Microcomputer; a SOROC IQ-120 CRT terminal; an 
Anadex DP9500 Dot Matrix Printer with extended Duffer; 
an ATP integrating photometer, SAI model 3000, with an 
automatic pipette; software programs on five inch 
Geseettes which control individual runs and perform the 
required calculations. A strip chart recorder was inter- 
faced witn the photometer to monitor the reaction Kinetics. 
From observation of the kinetics it was possible to deter- 
mine if the enzyme was stable from one sample to the next, 
if the pipette tip dripped and a drop of the enzyme solution 
initiated the reaction prematurely, and in the GTP deter- 
minations, if there was any residual interference from 


ATP which would appear as an initial peak. 
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EuUramgrcachn run Oe ml of “an unknown or standard 
solution was automatically injected into a polystryene 
cuvette (10x50 mm) containing 0.5 ml of the enzyme prepara- 
tion. A collar which was locally engineered to fit inside 
the photometer held each vial exactly centered ensuring 
consistant optical conditions from one sample measurement 
to the next. The reliability of the peak height values 
depends upon the quick and total mixing of the reactants. 
This is ensured through the use of an automatic pipette 
which provides consistant mixing of all samples throughout 
a run. Actual injection of samples is controlled by the 
computer. A microswitch in the photometer senses when 
the shutter is closed, automatically measuring the dark 
count. When the shutter 1s opened the computer then measures 
the enzyme background for five seconds. The sample is then 
injected. The peak value is recorded in counts st based 
upon the largest 0.33 second count recorded during the 
first five seconds after injection. Integral light levels 
are determined from a series of one-second measurements 
that are scanned by the computer after the desired delay. 
In accordance with the assay procedures developed for 
ATP / Ref. 58, Ref. 59, Ref. Cony a 15 second delay and 
60 second assay period were used. The analysis section 
of the ATP calculation software developed by Biospherical 
Instruments Inc., San Diego, Ca. uses the measurement 


of enzyme background level as a method of tracking and 
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adjusting for the decline in enzyme activity. The rela- 
tionship between raw counts (uncorrected for endogenous 
background emission or blank) and standard values is not 
linear. With increasing time there is a smaller change in 
counts at lower concentrations than at higher concentrations 
of ATP. This relationship can be approximated by a second 
degree polynomial which is used to calculate a completely 
new standard curve for each sample according to its enzyme 
background emission / Ref. 61 /. This multiple curve 
fitting is used to compute the integrated and peak values. 
Counts per minute are then converted into concentration 
values in units of ng ml. 

When samples were analyzed,duplicates of each 
were run. If these values, in counts per minute, did not 
agree within 10%, a third sample was analyzed. A complete 
set of nucleotide standards were prepared using the 
sodium salt of the nucleotide and .02M Trizma. Standards 
emeoaced in the following concentrations: .3, 1.,3.,6., 
elo ., and 30. ng mit were run at least every two nours. 
The final values of both ATP and GTP concentrations were 
the averaged values of the replicates. The ATP values 
were determined from the peak height measurements in order 
to reduce the interference of GTP and other nucleotides 
which may be present within the sample. If integrated light 
readings are used, the kinetics of the other nucleotides 
would interfere with the reaction resulting in falsely 


elevated levels of ATP eG ome 
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Figure 5: Kinetics of ATP, GTP, UTP, and CTP-dependent 
light emission using crude luciferase pre- 
Parations. The concentration cf each nucleo- 
tide was 4 x 10° M (from Karl / Ref. 62 7) 


Figure 6 shows the reaction kinetics for 
varying concentrations of GTP through standard light emission 
curves. Integral values of light emitted were used to deter- 
mine the concentrations of GTP present within the samples. 
Figure 7 shows that either the initial rise, peak, or 
integrated values can be used to calculate GTP concentra- 
tions. Although graphical analyses of integrated light 
values have been used in the past to calculate ATP concen- 
Mmecations, Greater precision is achieved through the use of 
sophisticated computer software as described above 


eset. 65 /. 
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Figure 6: GTP-Dependent Light Emission Standard Curves 
(from Karl / Ref. 63 _/) 
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D. CARBON-l4 UPTAKE EXPERIMENT 

Five water samples were collected at different locations 
meng the October cruise track using a two liter PVC Van 
Beem bottle at 1136, 1150, 1339, 1610, and 1933 hours local 
time. These locations were chosen from observation of the 
fluorescence record so that areas with differing amounts 
of biomass could be studied. From these samples, subsamples 
were taken to determine ae uptake, ATP, GTP, and 
Smrorophylil a. 

Measurement of carbor-14 uptake is the most direct 
approach used to measure primary productivity. The uptake 
et CO) 1s considered to be a reasonable indicator of 
primary production or growth. In this experiment a known 
emount OL radioactive carbon, ee was added to three 125ml 


water subsamples. The me was added to the phytoplankton 


culture in the form of sodium carbonate, Na**c03) . Heisle.a' 
contained approximately five microcuries of radioactivity 

per ml per subsample. Two of these subsamples were incubated 
at surface temperature for approximately four hours on 

board the R/V ACANIA using a fluorescent light incubator 
which provided about .06 langley per minute of illumination. 
The third bottle was kept in the dark and used as a 

control. Toeliminate the contribution of the non-pnoto- 
synthetic fixation of carbon fromthe experiment, the dark 


bottle counts were subtracted from those of the light 


pottles. After incubation was completed 100ml of each 
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subsample was filtered and stored in accordance with the 
procedures outlined by Rowney / Ref. 66 / to await shore- 
based calibration. (Dana M. Austin performed these 
analyses using a liquid scintillation counter as outlined 
by Jitts and Scott / Ref. 67_//). 

Primary production was determined using the following 
formula from Strickland and Parsons / Ref. 68 /: 


Pe mg C ni hr-t = (Rs-Rb) (1.05w)/( RN) 


Mmere Ks 1s the radionucleotide activity in the light 
Bottle (CPM): Rb, the dark bottle count (CPM): R, the 
absolute activity in one ampule (CPM); W, weight of the 
carbonate carbon in water which is assumed constant at 
24,000 mg ee eeNpthe number of hours or incubation; 
mea, the isotope discrimination factor. Assimilation 


i 


numbers (mg na uptake mg Chla hr7+) were determined 


Late uptake information and the results of the 


using the 
discrete chlorophyll a determinations. 
Measurements of productivity based on ae uptake 


and assimilation number were then correlated with GTP 


and the GTP/ATP productivity ratio, respectively. 


Perel icetOPUS CALIFORNICUS PRODUCTIVITY EXPERIMENT 
Piemoous Calitornius 1S a Marine copepod found in 

the splash zone above the mean high water mark alonad 

Pemecercy Bay. Tigriopus californicus hatches from eggs 


and grows through six naupliar and six copepodid stages, 
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each of which can be microscopically characterized by 
distinctive developmental features / Ref. 69 7. Research 
by Baugh / Ref. FON related the growth stages of this 
copepod to the RNA/DNA ratios at various phases in its 
life cycle. 

Since RNA is a necessary ingredient required for pro- 
tein synthesis, rapidly growing cells contain relatively 
feece BiielntEsS OL this nucleic acid. In contrast. cells 
which are growing at a slower rate contain little RNA. A 
direct correlation between RNA synthesis and protein synthesis 
has been demonstrated in populaticns of exponentially grow- 
mig cells / Ref. 71_/. 

Sutcliffe / Ref. 72_/ showed that this relationship 
existed in 24 diverse species. Pease / Ref. 73 _/ was 
only able to verify these results in the exponential phase 
of growth. Work by Leick / Ref. 74 _/ studying bacteria, 
yeast, and protozoa showed that for a given micro-organism 
the ratios of RNA to protein and RNA to DNA are linear 
Functions of the growth rate. 

WererOols Californicus were chosen as an experimental 
organism since data was available on the RNA to DNA ratios 
E£or various population subgroups of this species. An 
experiment was performed to determine if similar trends 
meulLd be observed in the data when the GTP/ATP ratios 
were compared to the RNA/DNA ratios for different popula- 


ron subgroups. 
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Tigriopus californicus were collected with a number 10 
plankton bucket from splash pools above the mean high 
water mark near the Great Tide Pool south of Monterey Bay. 
Once collected these copepods were kept in plastic con- 
tainers at 23°C. Individuals were then separated into 
three experimental groups, similar to those described by 
Baugh / Ref. 75 /. An acryllic separation column with 
nylon screens was used to separate a mixed population of 
individuals between 400-500 mwv~am iin size. A Pasteur 
pipette was used to separate anall-gravid female population, 
the all-but-gravid population were those individuals which 
were left. Once separated into groups the populations 
were allowed to rest for two days to recover from the stress 
of separation in order that their ATP levels would return 
to normal / Ref. 76 _/. Immediately prior to extraction 
the copepods were concentrated by using a 100 a@m nylon 
screen in the separation column. The organisms were then 
extracted by immersion in 40ml of boiling Trizma and by 
simultaneous homogenization with a pestle homogenizer for 
five minutes. The test tubes were removed and allowed 
to cool before the extraction fluid was filtered and the 


miebtrate stored frozen at 0c to await nucleotide 


analysis. GTP and ATP analyses were performed in accordance 
with the procedures outlined above. The trend of the 
productivity ratio, GTP/ATP, was then compared to the 


@=end Of the RNA/DNA ratio for similar population groups. 
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EF. DATA REDUCTION 

To prepare the data for statistical analysis, the 
Strip chart recordings of fluorescence, temperature, nitrate, 
and phosphate were hand digitized at a constant interval 
of two minutes. This sampling interval represents approxi- 
mately 0.6 km along the cruise track when at full speed. 

To generate organic carbon equivalents for comparison 
of biomass concentrations (determined through ATP and 
chlorophyll a analyses), the conversion factors originally 
proposed by Holm-Hansen / Ref. 77_/ were used. Determination 
of these factors was based on exhaustive laboratory obser- 
vations. These values are nevertheless just averages which 
can vary depending on species composition and changing 
environmental conditions Vane ie em Chlorophyll a concen- 
trations were converted to carbon units by using the average 
conversion factor of 100. ATP values were converted to 
Organic carbon using the average carbon to ATP conversion 
factor of 250 which is believed to be representative of 
community microbial biomass (i.e., representing the com- 
bined contributions from bacteria, algae, and microzoo- 
plankton). In Ref. 79 Holm-Hansen reviews various 
studies which relate ATP to total cellular organic carbon 
in a wide variety of fresh and marine organisms giving 
credence to this average conversion factor. Another study 
which verifies this conversion factor used direct microscopy 


to estimate the microbial biomass compvaring these values 


n 
O 





to those obtained from ATP determinations / Ref. 6057. 
These investigators found an average conversion factor of 
245 for community microbial populations not only in euphotic 
areas Of upwelling but also in the euphotic zone in areas of 
equatorial divergence, and in aphotic layers. Studies 
of ATP levels in nutrient-deficient phytoplanktonic 
organisms have shown some effect on ATP levels, but not 
enough to significantly affect biomass determinations 
based on this assay procedure / Ref. 81 7. 

Q® ATP values were computed by subtracting the peak 
ATP values from the integrated ATP values / Ref. 82 /. The 
QATP and the GTP values were normalized to the biomass by 
dividing these values by the amount of ATP present within 
the sample. 

Population correlation coefficients were derived using 
moe equation: 

r= n 2 x,y; - (Zax, ) (S Ve 
( [NBs - (3 x )°7 Les y,° = 
(my,)*7)* 

Nitrate, phosphate, temperature, biological and productivity 
meeicators were first correlated for all the data points. 
Then the values were separated into two groups based upcn 
gear Nitrate concentration. Correlations were then run 
cn these two distinct groups whose separation of values 


(Fig. 21) suggest the oresence of two distinct water masses 





@erang the October 1980 cruise. The implications of the 
results of these correlations ieselation to the biological 
variables will be discussed in the following chapter. 

The standards which were used in determining the GTP 
concentrations for tne cruise data were not treated ina 
manner similar to the samples. To correct for this 
systematic oversight an experiment was conducted in which 
one set of standards was prepared and subsampled into two 
groups. One group was enzymatically treated, the other 
was not. The relative activity of GTP in the treated 
standards was an average of 25.6 percent of the untreated 
standards. The cruise data were adjusted upwards in 


accordance with this finding. 





iif. ReSueEs 


fee OCTOBER 1980 CRUISE FINDINGS 

On the October 1980 cruise, temperature, nutrient, 
biomass, and productivity data were collected and analyzed. 
A listing of these data appears in Appendix A. Results 
presented in this chapter are associated with a minimum 
of description. Interpretive discussion is reserved for 
the following chapter. Ranges for the biomass and pro- 
ductivity indicators are given in Table III. Surface maps 
and linear track plots from this cruise were constructed 
using the IBM 3033 AP computer's VERSATEC plotter (Fig. 8 
to 20). To create the surface contour maps a grid was 
constructed on a planar surface assigning the origin to the 
head of the Sur submarine canyon. Each data point was then 
assigned a cartesian coordinate on this grid based on its 
latitude and longitude / Ref. 83_/. Using this data the 
CONISD library subroutine from the W.R. Church Computer 
Center was able to construct surface contours of the 
indicated variable. Because of the low sampling density 
the hashed contours are at best a first approximation. 
The contour maps for chlorophyll a, nitrate, phosphate, 
and temperature extend further north than those which 
were constructed for ATP, GTP, and ATP/GTP because sampling 
for these variables continued from station 8 on the 


return transit to Monterey. 
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Biomass and Productivity Statistics 


| 

| 
| ! 
| | 
i 
1 | 
Ha@h Low Mean Standard No.) OL | 
! Deviation Samples 
| 
| 
! ATP a | 
Being? ~) 3392 97 529 =520 57 | 
| | 
|! CHLA | 
| (mg m3) 56 2 9 ao 398 . 
| GTP (pM) 906 * 102 =135 57 ! 
| 
| GTP/ATP 3 * zl fel 51 | 
| l 
| Q& arp/aArp 1.6 a 5 ie 3 57 | 
1 | 
| 


where * indicates that the values were below the level of 


detection 
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The two-dimensional surface spatial distribution of 
Mitrate and phosphate relative tothe California coastline 
ms depicted in Fig. 8 and Fig. 9, respectively. The contour 
plots are constructed from data accumulated on 29 October 
1980. The higher nutrient values and the sharpest tem- 
perature gradients were coincident (compare Fig. 8 and 
Page 9 with Fig. 10). Comparison of the surface temperature 
map (Fig. 10) with satellite IR imagery from the same day 
(Plate 1) reveals the strong thermal gradients located 
between the upwelling colder water along the periphery and 
the warmer oceanic water. 

The ATP biomass shows several cells (Fig. 11). The 
highest concentration of biomass is located in the gra- 
dients at the equatorward edge of the feature. The level of 
ATP-biomass in this cell is approximately three times higher 
than that in either of the other two cells. The highest 
Semecentration of chlorophyll a biomass was found in the 
same geographical location (Fig. 12). The highest observed 
concentrations of both nitrate and phosphate were also 
located in this region (Fig. 8. 9), as was the highest 
Meoel of Grp (Fig. 13). Although a relatively high level of 
protein synthesis was occurring in this area, the highest 
Peeer ot the productivity indicator, GTP/ATP, did not 
Simultaneously occur at this location (Fig. 14). 

The large standing crop observed adjacent to the strong 
chemical/thermal gradients of the upwelling feature supv- 


corts the ‘natural chemostat" nypothesis which maintains 
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jm@ee CONditions for optimal growth are produced in these 
regions / Ref. 84 /. 

Correlation coefficients for various parameters were 
computed and are summaried in Table IV. Since the correla- 
tions between variables depend not only on the initial con- 
Meer1Ons Of the source water, which evolves over time as a 
result of both conservative and nonconservative processes 
such as advection, diffusion, mixing, heat and salt transfer, 
biological uptake, and release of nutrients /Ref. 85 7, the 
instantaneous relationships are complex and the instan- 
taneous chemical and biological status of a feature is not 
easily deduced from point observations. Correlations are 
useful, however, for determining general relationships and 
trends among variables. The correlations indicated under 
the column “all data points" contain correlations between 
all the points of the indicated variables. Values of 
variables which were too low to be detected were not included 
in the correlation calculations. An attempt was made to 
obtain more insight by subdividing the data into two groups 
based on nitrate concentrations. Figures 21 and 22 are point 
plots which show the dissolved nitrate concentrations plotted 
against those of dissolved phosphate concentration and tem- 
perature, respectively. These figures depict the separa- 
tion between the two distinct water masses present. Figure 
merce epOint plot of dissolved phosphate versus temperature 


This figure does not similarly show a distinct separation. 
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Correlation of Nutrients, Temperature, 
and Biomass Indicators 


All Data New Water Old Water 
Points 
BPP :CHLA oy 94 aoe 
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Eeeecdmon tiis separation an arbitrary value of 2.0 aM 
was used as the dividing mark to separate the values. 
Water which contained dissolved nitrate in excess of 2.0 
jf M was designated as "New Water." These higher nutrient 
values were observed along the transect from station 9 to 
pmleetae 2) during the first 55.0 km of elapsed distance. 
Vempies auring Ehis part of the cruise track ranged from 
eo ge Me 

The second group, designated as "Old Water," consisted 
of data points whose dissolved nitrate content was less 
foe) 26 O pe Me Essentially these values occurred over 
the rest of the cruise track (Fig. 2) beginning halfway 
Beeween stations 8 and 6, to station 7, until station 8 
was approached where the "New Water" was encountered again. 

Paco oO tO Gles)  sbe2.4 to 125567 5 156.6 to 160.4 km 
elapsed distance the autoanalyzer was inoperative so 
nitrate and phosphate measurements could not be made and 
the water at these locations could not be classified as 
to type. Values for these and other variables which 
were correlated under the subcategories of "New Water" and 
“Old Water" were not included from these portions of the 
emunace track. 

In some vlaces where the correlations do not show 
internal consistancy, more points were correlated under 
the “all data" point category than under the "New" and 


"Old Water" mass combined categories. Data wnich could 





not be placed in either subcategory were not included in 
the “old” and "new" categories even though they were cor- 


related when all data values were considered. 


B. RESULTS OF THE CARBON-14 UPTAKE EXPERIMENT 

Table V contains the results from the SoG uptake- 
productivity experiment. Results listed are the average 
values determined from duplicate subsamples which were 
analyzed in tandem. The GTP and ATP concentrations used 


to determine the productivity ratio were analyzed from 


subsamples of the light bottles. 


| 

| TABLE V 

} C-14 Uptake Results 

isample CHLA Pre Uptake Assimilation GTP GTP/ATP 
| cans ee) ane ae ADS) | a 

| (mgcC mgChla ee 

| trl Bile SS oi 1.48 ae aie 
| #2 aE 22.9 2.95 MeZESeNed7e 
| +3 43.06 Zee 2160 TL 22 2oL® 
| 4 3.44 ooo ely 69.4 Oe 
1 #5 2.36 £59 .25 60.4  .110 
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a eS NS Oe ee 


Table VI illustrates the results of correlation calcu- 


lations between the specific productivity indicators, 


assimilation numbers and GTP/ATP ratios, and absolute pro- 
‘N 


ductivity indicators, mae uptake and GTP. 
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TABLE VI 


CeouuectAt on, Of FPEeQuctELVIcy Indicators 


! | 
! | 
! 
1 | 
l 
7 ae | 14 
Assimilation #: C Uptake: 
| GTP/ATP GTP 
2 | 
1 All Data 89 89 7 
1 Samples 
! 
. Sample #1 eo 88 
Removed 
| 
| Samole #2 .96 299 
age 
Removed 
3 l 
1 sample #3 89 292 
| Removed 
| sample #4 86 85 
| Removed 
| sample #5 ao 82 
| Removed 
1 1 


statistics were first determined for all samples and then 
successively with the values of each sample removed in turn 
from the data set to determine if deletion of one sample 
from the data set would significantly alter the correlation 
Btatisel cs. 
Seco moeor THE TIGRIGPUS CALIFORANICUS PRODUCTIVITY 
EXPERIMENT Sa a 
Table VII contains the results of the productivity deter- 
Minations for different population groupings of Tigriopus 
californicus. Specific productivity, GTP/ATP, is com- 
pared to the RNA/DNA ratio determined by Baugh for similar 


Demmeeacton subgroups of Tigriopus californicus. 
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TABLE VII 


Relative Rates of Productivity for 
Prciae Dis = Ccmeamiyneus 


GTP/ATP RNA/DNA 7 
(from Baugh / Ref. 85 _/) 


Gravid 225 4.62 
All-But-Gravid 2099 Pele 
Mixed ~L89 ae} 
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EV. BeSCUSSION 


PreeerC@CTOBER 1980 CRUISE 

A quasisynoptic approach based on point sampling was used 
to study the svoatial heterogeneity and productivity of 
biomass. AN assumption made when obtaining point samples 
is that they are representative quantitatively of population 
and community varameters in the body of water samoled. One 
study which has examined this problem found that precision 
was not increased merely by increasing the sample volume 
/ Ref. 87_/. Generally the precision is only increased 
when the patch size increases so that the probability of 
Sampling the "right" number of patches and of capturing 
the “correct" number and kinds of individual organisms 
representative of the general area is increased. This is 
one of the problems associated with discrete sampling 
methods for ATP and GTP. 

Another problem is encountered when point data collected 
over an extended time period is used to characterize the 
Diology and productivity of an entire area, since these 
variables are continuously in fiux changing spatially and 
temporally even as the measurements are made. a study, 
which looked at the variability in the spatial and temvoral 
heterogeneity of ohytoplankton biomass in relation to the 


MOriZOntal spatial structure of physical and chemical 





variables in surface waters / Ref. 88 /, found that the time 
component contributed to 63 percent of the total variance 
in the data, while the contribution of the space component 
was only 3.5 percent. The time component included the 
daily changes in available insolation and water column 
variables. Another study / Ref. 89 / similarly found that 
rapid temporal variations could occur over a time period 
of a few days which produced variations in chlorophyll 
concentration ranging 21 to 45 percent and variations in 
phosphate concentration ranging from 32 to 64 percent. 
Similar fluctuations could be expected for ATP and GTP 
determinations. 

Although at any moment there exists specific relation- 
ships between the different variables observed in the 
environment, data from the October cruise suggest that 
these interactions are continuously and rapidly changing 
and that tne spatial distribution of phytoplankton is 
successively controlled by different factors or by a com- 
plex state of equilibrium between these variables. 

Cmentemponral vara ation when 15 difficult to take into 
Peecount is the diel depth variation which occurs. <A possi- 
ble way tocircumvent this difficulty in future experiments 
would be to pump water fromthe chlorophyll maximum 
instead of from the depth of the ship's intake using a 


Gepth variable fluorometer. 








Figure 15 graphically illustrates the relationship 
between some of the physical and chemical variables of 
this system. The most significant correlations for these 
ome les occurgin the “Old Water” where nitrate and 
phosphate are highly positively correlated and nitrate to 
temperature and phosphate to temperature are highly 
negatively correlated. The high correlation between nitrate 
and phosphate is due to the uniformly low values of both 
which are observed in the "Old Water." The high inverse 
correlation between the temperature and the nutrients 
indicates, in view of the relatively high temperature values 
and low nutrient concentrations, that this water has been 
Pwectcnitially altered Exrom its imitial condition through 
dynamical and biological processes. The correlations for 
“all data" points and for the "New Water" indicate sub- 
stantially the same result, although in these categories 
it 1s apparent through the lower correlation coefficients. 

Ghe highest values of nitrate and phosphate, 11.35 mi 
ice 2). MM respectively, were observed in the gradients 
at the southern edge of the upwelling feature where the 
nitrate to phosphate ratio was 8.8 to 1. Since phyto- 
plankton uptake nitrate and phosphate in a ratio of 16 
to 1 / Ref. 90_/, the relationship between the nutrients 
suggests that the water masses observed are or will 
be nitrate limited. Since the steady state biomass is 


regulated by the concentration of the limiting nutrient 
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Bomeenic aquatic environment, it 1S important to identify 
this critical element to understand the dynamic relation- 
ship between chemical mesoscale and biological patchiness 
/ Ref. 91/7. Studies have provided evidence that the 
nutrient and light requirements of phytoplankton follow 
a pattern similar to the Michaelis-Menten hyperbolic rela- 
tionship for enzyme kinetics / Ref. 92, 93, 94, 95, 96, 97 _/. 
Results of MacIsaac and Dugdale / Ref. 98 / have shown 
that nitrate uptake by phytoplankton will generally increase 
with nitrate concentration only up to nitrate levels of 
about four ~jM at which time any excess in the environment 
is superflueus. It is apparent that phytoplankton in the 
"New Water" have sufficient nitrate available to provide 
optimal nutrient conditions necessary for maximal growth. 
This state contrasts to that in the "Cid Water" where the 
availability of nitrate falls below detectable limits along 
large stretches of the cruise track. When the data were 
divided into two groups based upon their dissolved nitrate 
concentration, some interesting results emerged. 
Table III contains the range of values for the biomass 
and productivity parameters over the area surveyed (Fig. 2). 
There was a great deal of variability in the data due to 
the juxtaposition of adjacent water types. Table VIII 
illustrates the average GTP, ATP, and GTF/ATP levels 
taken from studies of various water masses at varying depths. 
According to Karl / Ref. 100_/ typical surface ATP 


as. 
concentrations range from greater than 500 ng l fou 
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TABS VILL 


GTP/ATP Ratios in Environmental Samples 
Lag@egeederromend- | / Rob. 99 / ) 


Sample Description 


Southern California sgawater (32° 
eee 7 30.1 'W) 
mem, cCOcal 
10 m, <10 um 
mIO m, total 
100 m, <10 yum 
Boo m, total 
500 m, <lO am 
Southern Califernia seawater (33 
cope N, 119° 20.0'W) 
5 
50 
200 
500 
1000 
e550 
Black 
le 3 
LO 
as 
a 3 
195 
489 
974 
1992 
Galapagos Rift seawater (00 
47.0'N, 86°08'W) 
50 m 
500 m 
Hydrothermal vents (2,500m) 


O 


a seawater (42°50.0! 
Oe. * Er 


aos Jes 3 a 3Wn3 BS aes 


0 


Catalina Island (Calif.) sedi- 
ments (33°21'N, 118°30' wW), 
low tide 

O=-1 cm 
Seen 
LO -em 


Ccean Beach (Calif.}) sediments 
S245 i 7C16'w)y low tide 
O-l1 cm 
Sem 
10 cm 


Conen 


GTPS 


Soe 


620 
BO 
36 


208 
247 
142 
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ee 


462 


41.4 
Bo <3 
eet 
L250 
ye 2 


286 


968 


Be 2 
oe 
24 


SoS 
Ba 
187 


GTP/ATP 


ene 
Oaee 
0.14 
0.38 
Oie2d 
0.42 


O25 
Oars 
Oras 
OnelS 
Ome 
Oe 


OL 
QO.14 
0.40 
QO.41 
0.40 
O32 
0.24 


e216 


eos 


OR isis 


Ooo 
SIO) U1 
OV WO WO 


GTP and ATP concentrations are expressed as picomoles per 
liter for seawaters, and picomoles per cm~ for sediments. 
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productive eutrophic waters to 100-500 ng i for rela- 
tively barren regions of the ocean. The area surveyed 
ranges between extremes of 96.7 ng ees COweoo one ie. 
indicating considerable variability between point measure- 
ments. As evident in Table III, the mean ATP level of 529.1 
ng i> indicates that on the average the surface layer of 
this region contained a large amount of biomass. This 
largest concentration of ATP-biomass is located in the 
colder water as indicated by the high negative correlations 
between ATP and temperature. 
The overall values for chlorophyll a were quite high, 
Peqoemag £rom a low of 2.0 mg m7? Eemorunign Of 56.4 mg m7 > 
with an average value of 8.7/7 mg eee The highest amount of 
Grm@oropnyll a=-biomass was found in the colder nutrient 
rich water as indicated by the high negative correlation 
between chlorophyll a and temperature, and high positive 
correlations between chlorophyll and both nitrate and phosphate. 
When these values were converted to units of carbon 
and compared to the ATP values which had been converted to 
Seeervalent Units of carbon, the chlorophyll a values 
indicated that about seven times more biomass was present 
than indicated by the ATP values. Several factors could 
account for this disparity. The difference in measured 
levels could be due to sampling technique, as suggested by 


Bronsink / Ref. 101_/. Since the ATP water samples are pre- 


Eeeeeeread ana the Elow of water to the Eluorometer is not, 


S35 





the disparity could be caused by the exclusion of phyto- 
plankton larger than 200 microns from the sample. Alter- 
natively, filtration could cause stress which lowers 

Meee wets. Or, the ratio converting chlorophyll a to 
carbon may be significantly less than the factor, 100, 
which was the value used in the data reduction for this 
study. Steele and Baird determined thatthe conversion 
Beteeor for chlorophyll a to carbon ranged in their study 
piaecamnenem 30 to LOO / Ref. EO hay ae Eppley has proposed a 
conversion factor of 54217 / Ref. 103 7. Use of a 

lower conversion factor would bring the relative amounts of 
biomass as measured by ATP into closer agreement with the 
Mabuc determined by chlorophyll a. Chlorophyll a varia- 
ticns nave been explained as a result of the reaction of 
phytoplankton to limitations in the environment. it has 
been shown / Ref. 104 / that the size of the photosynthetic 
Mie, and correspondingly the amount of chlorophyll a 
present within most species of phytoplankton observed will 
im@erease 1m response to low light intensities. If this 
were the case in dense plankton blooms the concentration 
Secmmeropnyll a would be inflated in relation to the 
amount of biomass actually oresent in the environment. 

In support of this is a study which shows that fluorescence 
varies two to five times wnen pnytoplankton are exposed 

to varying conditions in the environment / Ref. 1OSe/ 


Nevertheless, since the correlations between ATP and 
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Poetopoyr a are significant (refer to Table IV) forall 
Gata points and subsets thereof, confidence can be placed 
in the relative relationships of biomass present along 
the cruise track. 

Figures 11 and 12 show the 2-dimensional spatial dis- 
tribution of these biomass indicators. Cf particular 
interest 1s the biomass peak which is located in northeast 
corner of these figures. Comparison with Figures 8, 9, and 
10 clearly show that this very high concentration of bio- 
mass occurs in the strong chemical and thermal gradients 
located at the southern edge of the upwelling feature. This 
peak in biomass 1s roughly three times greater than that 
indicated in either of the other two cells in Figure ll. 
The biomass concentration observed in the chlorophyll dis- 
tribution at this same location is roughly seven times 
greater than that observed in the second chlorophyll a 
Setierig. 12). Figure 16 graphically illustrates the 
correlation of these two biomass indicators along the cruise 
track. Of special interest are the peaks of biomass wnich 
occur in the temperature gradients. Figure 17 graphically 
depicts the relationship between the biomass, indicated 
by ATP levels, and the distribution of dissolved nutrients, 
nitrate and ohnosphate. The nitrate and phospnate values 
are highly correlated to the ATP values (refer to Table iV) 
Meet n che “New Water." In this first section of the 


Smaese Track the biomass peaks appear to mirror those of 
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the nutrients, being slightly skewed toward the gradients. 
The higher correlation between biomass and nutrients in 
the "New Water" indicates that the higher the nutrient 
concentration the higher the biomass will be. Inversely, 
the higher the biomass the more nutrients are utilized 
and depleted, hence the lower correlation coefficients 
which were computed for these parameters in the "Cld 
Water." These findings support the "natural chemostat" 
hypothesis / Ref. 106 / which observes that the "steady 
state biomass 1S proportional to the concentration of added 
iefaiting nutrient" / Ref. 107_/. 

Of particular interest are the high nitrate and bio- 
mass concentrations at approximately 50.0 km elapsed 
distance. This point is geographically located approximately 
Semocarton 6 (Pig. 2). About two hours later this station 
was approached again at an elapsed distance of 198.6 km. 

At this time, the nitrate levels had fallen significantly, 
phosphate levels had decreased slightly, and the highest 
level of biomass observed during the cruise was encountered. 
Although it is unlikely that the same location was sampled, 
since the maximum growth rate for phytoplankton is approxi- 
mately one doubling per day / Ref. los /, a strong pos- 
sibility does exist that it is part of the same patch, since 
patch sizes are generally 5-10 km in diameter / Ref. 109 /. 
Data from studies conducted in the Peruvian upwelling 

system indicates that productivity is three times higher 


on the veriphery of a patch than at its center / Ref. 110, lll, 
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11l2_/) Movement of the patch in the intervening time period 


could easily account for this measured difference. Regard- 
less, this region 1S one of very high biomass and 
pyre@uctivity. 

GTP levels ranged from a low of non-detectable to a high 
of 905.8 pM,- with an average value of 102.3 ph. Figure 
13 shows the relative amounts of protein synthesis which 
occurred. The highest values of GTP were co-located with 
the highest peak in biomass (indicated both by ATP and 
chlorophyll a), the highest nutrient peaks (both nitrate 
and phosphate), in the strong temperature gradient in the 
warmer stratified water at the equatorward edge of the 
feature. This indicates that the most protein synthesis, 
SeeeocOoss Produecelvity, occurred in this region. 

After these values were normalized by the amount 
of biomass present levels of productivity as measured 
by the ratio, GTP/ATP, were computed. Karl / Ref. 113 / 
has indicated that the highest GTP/ATP ratios, .69, are 
observed in bacteria which are in a logarithmic growth 
stage. Additional field data which supports these findings 
have been acquired both in the highly productive Galapagos 
hydrothermal vents / Ref. 114 / where a high of .89 was 
measured, and in the anoxic region of the Black Sea 
/ Ref. 115 7 where bacteria flourish. Unicellular algae, 
fungi, and zooplankton have much lower ratios due to their 


relatively slower rates of protein synthesis and growth. 





One study which looked at the GTP/ATP ratios in 20 

species of unicellular algae in an exponential stage of 
Seewen found their ratios to range from 10 to .36 with 

a mean of .20 / Ref. 116 /. Therefore, a community 

Maximum value of .29, as observed in October 1980, would 
represent an area of relatively high growth rate. When 

the sampling depth of 2.5m is considered, the average value, 
10, is within the range of other surface waters indicated 

in Table VIII. If significant biomass wasexcluded from the 
extraction samoles which was one possibility indicated by 
eae discrepancy between ATP and chlorophyll a levels, the 
productivity values would be altered. Since larger organisms 
have lower ratios, the indicated productivity would corres- 
pondingly be lowered. 

Figures 14, 18 and 19 illustrate that tne specific pro- 
ductivity, measured by GTP/ATP levels, is also high within 
these areas. This indicates, as do the correlation sta- 
tistics themselves, that the productivity both absolute, 
GTP, and specific, GTP/ATP, are most highly correlated 
Pemetne biomass indicators, ATP and chlorophyll, and 
nutrients, nitrate and phosphate, in the "New Water," 
indicating a healthy rapidly growing microbial population. 
These productivity indicators are also most highly nega- 
tively correlated witn temperature in the “New Water" 
DMiGmeresme enat higher productivity is cecurring in regions 


of relatively low temperatures. additionally, the 
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Serrelation of GTP/ATP to GTP indicates that the high 
specific productivity is occurring where there is high 
absolute productivity in the "New Water." Conversely, 
there may be high rates of specific productivity occurring 
in the "Cld Water" but as the correlation statistics 
indicate these may not be areas of high absolute pro- 
ductivity. in the "Old Water" areas there are indica- 
tions, Figures 14 and 20, that the smaller populations 

are still actively growing despite the low levels of 
nitrate in these areas. Although the biomass is subject 
to nitrate limitation in the "Old Water" mass, it is 
apparent from the levels of synthesis still underway that 
the biological community has not yet sensed and responded 
Pmeiis environmental condition. Exponentially growing 
algal cells which are transferred to a medium which is 
Mitrate limited, or becomes so, can retain their capacity 
for photosynthesis and growth for several hours / Ref. aa; 
118, 119 7. Another study indicated that the effects of 
varying nutrient concentrations would not effect photo- 
synthesis for at least 24 hours / Ref. 120 /. Since growth 
rate does not depend on current environmental nutrient 
BemeGiterons but upon the nutrient levels during a period 

of time preceding the time at which the growth rate deter- 
mination is made, the assumption of steady state condi- 
tions may not be valid. A possibility exists that 
consumption occurred with a subsequent time lag in the 


growth response. Caperon and Meyer / Ref. 121 / have 
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postulated that "the relationship between growth rate and 
limiting nutrient is provided only by the variable internal 
nutritional state." One study observed a diurnal pattern 
for internal nitrate levels their results implying that the 
assimilation and reduction of nitrate are not in phase 

/ Ref. 122.7. It was pointed out that these temporal varia- 
tions in metabolism make it difficult to relate environ- 
mental nutrient levels to growth. Lower chlorophyll a 
values in the "Old Water" in conjunction with the high 
productivity values may indicate that the phytoplankton 

are responding to the nitrogen limitation in the environ- 
ment by mobilizing reservoirs of amino-nitrogen which are 
Beene co the Chlorophyll in the photosynthetic unit of 

the organism / Ref. 123 7. Based on studies of a typical 
algal species, Monodus subterraneus, cell composition has 
been shown to vary significantly between cells in an 
exponential stage of growth and cultures which were subjected 
to nitrogen deficiencies / Ref. 124 /. When in a 
Hoqgarithmic stage of growth, protein accounted for approxi- 
mately 70 percent of the dry weight of the organism, with 
relatively high percentages of chlorophyll and nucleic 
acids. inversely, cells which had been subjected to 
nitrogen limitation had a composition of less than ten 
percent protein, with relatively low percentages of 
ealomoenyil and nucleic acids. The pnotosynthetic 
efficiency per chlorophyll a (1.e., growth rate) varies 


inversely with the size of the photosynthetic unit, 
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pnaicating that even though a small amount of chlorophyll 
may be present 1t may be indicative of higher pro- 
Bmetivity / Ref. 125 /. 

Another explanation for the high growth rates which 
occur in these regions of low nitrate concentration could 
be that ammonium is serving as the source of inorganic 
nitrogen in these areas, maintaining the indicated growth 
rates. Ammonium is more easily assimilated than nitrate 
/ Ref. 126, 127_/. It is generally assumed that nitrate 
Bomeieworincipal source of inorganze nitrogen in regions 
of upwelling, but in the nitrate poor regions observed in 
the "Old Water" it is possible that ammonium plays a more 
Significant role. Investigators have shown that ammonium 
provides approximately 35 percent of the lnorganic nitrogen 
assimilated by phytoplankton in southern California 
coastal waters, only ten percent of wnich is attributable 
to human input / Ref. 128 _/. 

Another explanation for the high growth rates observed 
in these areas could be attributed to varying species 
composition. Some species are able to maintain a high 
Smeweaerate at very low levels of nitrate, .05 aM aon eee 
without Knowing the species composition or ammonium levels 
mimeenese regions it is difficult to interpret which 
explanation is most probable for maintaining high growth 


rates in areas of apparent nitrogen limitation. 





A survey of other investigations indicates that some 
researchers have similarly found higher growth rates 
associated with nutrient poor waters / Ref. 130 /. Since 
mat Steady state it 1S possible to Nave simultaneously low 
or undetectable residual nutrient levels and high growth 
rates regardless of the Diomass concentration" / Ref. ody. / 
it is apparent that the available nutrient supply limits 
the total biomass rather than tne actual growth rate. This 
supports the continuous culture hypothesis which main- 
tains that "the growth rate of the organisms is ...equal to 
the dilution rate," remaining "comoletely independent 
of the concentration of limiting nutrient in the medium 
feed" / Ref. ese In all categories, nitrate was more 
Significantly correlated to voroductivity than was phospnate 
indicating that the nitrate level is the limiting nutrient 
whose "dilution rate" is responsible for growth or the lack 
thereof within this region. In the "New Water" there is 
a positive correlation between both of the nutrients and 
growth whereas the correlation is negative in the "Old 
Meres, indicating that the nutrient concentration in the 
"New Water" has a positive influence on productivity. 

Productivity as measured by AATP/ATP indicated a 
much higher level of productivity. This measurement is 
balcedmen the SuDppOSition that AATP 1S an accurate reflection 
or the amount of GTP present / Ref. Sc yaye Since the 


indicated maximum is greater than that observed in bacteria 
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in a logarithmic growth phase (with the constant effect 

of UTP removed), these values are unrealistic. An experi- 
ment performed by Bronsink / Ref. 134 / showed a high 
correlation between AATP and GTP when known concentraticns 
of binucleotide solutions containing only GTP and ATP 

were measured. It has been assumed that the other nucleo- 
tide trivhosphates, namely UTP and CTP, form a constant 
percentage of the A ATP value and can thus be eliminated 
from consideration when levels of GTP are determined 

in this way. UTP represented 47 percent of the AATP value 
in one study / Ref. 135 7. When this percentage is removed 
from the calculated g ATP values, the QATP/ATP ratios 
Beene Cruise Gata become: .85, highs .05, low; 

28, mean. when values cf productivity were enzymatically 
determined, GTP/ATP were correlated to the vroductivity 
measurements obtained through calculations of AATP/ATP and 
a correlation of -.04 was obtained. These results 

indicate that GTP should be enzymatically determined from 
field data. Results of an experiment / Ref. 136 _/, which 
determined the levels of the four nucleotides in Neurospora 
crassa during exponential growth in different mediums, sup- 


Bemis tis Conclusion. 
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Be. CARBON-14 UPTAKE EXPERIMENT 
' . ee. _ 
Table V contains the results from the C uotake- 
productivity experiment. Regardless of the way in which 


tne data are manipulated, tne assimilation number, 
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representing the amount of phytoplankton production deter- 
mined by ac uptake normalized to the amount of phytoplankton 
biomass present, is highly correlated to the productivity 
ratio GTP/ATP. The absolute productivity represented by 

raw Tie uptake values was similarly well correlated with the 
GTP values. 

The results of this experiment lend credence to the 
hypothesis that the productivity ratio represented by 
GTP/ATP is a reasonable indicator of specific production 
and GTP levels are a good measure of the absolute pro- 
ductivity. Since phytoplankton represent approximately 
90 percent of the microbial biomass present in the micro- 
plankton ape 37 2/ and since 26 uptake measures primary 
productivity both GTP and GTP/ATP could vorove to be useful 


measurements for mapping relative rates of absolute and 


specific productivity, respectively, in the open ocean. 


Gr eR tOPUS CGALIFORNICUS. PRODUCTIVITY EXPERIMENT 

Baugh / Ref. 138 _/ obtained data on five groups of 
figriopus californicus, each group selected to represent a 
different stage in population growth. The "“all-gravid" 
female group had the highest RNA/DNA ratio of 4.62, followed 
Maemearelos OF 3.84 for the “young group, 3.15 for the 
aeeea sgrous, 2.16 for the "all=but-gravid”" group, and 1.08 
amen. Old’ group. 

Determination of GTP/ATP ratios in this scecies showed 


a similar relationshio Detween the gravid and all-bput-gravid 





Beelps (Fig. / ). The GTP/ATP ratios in the gravid and 
all-but-gravid groups were determined to be .125 and 

5099, respectively. This relationship indicates that a 
higher rate of protein synthesis occurred in the gravid 
females, wnich is in accordance with Baugh's results. In 
contrast, the highest GTP/ATP ratio was observed in the 
mixed pooulation group containing individuals between 
400-500 mm in size. The average ratio of this size frac- 
meen was .189, indicating that a higher rate of protein 
synthesis occurred in this group than in either of the 
other population subgroups analyzed. iven if the mixed 
population samples which were subsamoled, extracted, analyzed, 
and averaged were different from the mixed population group 
selected by Baugh, his results indicate that all other 
groups selected for study nad lower levels of RNA to DNA, 
and, hence, protein synthesis, than the gravid group. 
Because of this inconsistancy, results of this experiment 
indicate that the GTP/ATP ratio may not be as reliable 

a measure of growth in marine zooplankton as it is in 
phytoplankton or the RNA/DNA ratio may not be a reliable 


measure of growth rate. 





Vie ONC LUSLENS 


The nucleotide ratio, GTP/ATP, was shown to be a good 
MeaeeeatOr of specific community producticn (principally 
ohytoplankton). There avpears to be a good agreement witn 
orotein biosynthesis because of the correlation of this 
moe O. with eae assimilation numbers and the correlation 
een Glo concentrations with raw oo uptake values. Use of 
Mats ratio to map specific community biosynthesis within 
oceanic features, both spatially and temporally, could 
prove invaluable in understanding the nonconservative 
jmmocesses which occur in the oceanic environment. The 
Simultaneous determination of AATP and GTP provided evidence 
that QAATP is not always a reliable estimator of the amcunt 
Seeere 1m naturally occurring community microbial popula- 
meems. En view Of this finding, enzymatic determination of 
GTP is necessary for productivity analyses. It may be 
possible to extend knowledge of the direct relationsnip 
between primary productivity and nutrient levels to the 
more subtle relationship between primary vroductivity 
ema Coances in physical forcing functions. 

Scme interesting conclusicns can be drawn from the 
interoretation of the Cctober 1980 cruise. The highest 
GTP levels or absolute production was found wnere the 
nighest ATP or chloropnyli bicmass was associated with 


Stzeng temperature and nutrient gradients. The stratified 
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waters bordering the equatorward edge of the cold nutrient 
rich upwelled water provided the conditions which were 
favorable for this development. Quantitative determination 
of the "dilution rate" (nutrient flux) and its relation- 
ship tothe growth rate (GTP/ATP) will determine the influence 
of the changing nutrient field and its subsequent impact on 
the biological field / Ref. 139 _/. A better understanding 
of the surface circulation of upwelling features is necessary 
before this determination will be possible. Once the impact 
of the nutrient flux can be determined quantitatively, 
models and ovredictive equations can be developed based on 
the "natural chemostat" analogy / Ref. 140, 141, 142 /, 
where the rate of nutrient flux can be directly related 
memtine Growth rate of the phytoplankton. it may then be 
ocossible, given satellite information which has been cor- 
rected for prevailing atmospheric conditions, to deduce 
nutrient maps from satellite derived sea surface tempera- 
tures and to extrapolate these findings to infer the dis- 
tribution of biomass and productivity. Studies of features 
in all stages of development will be necessary before a 
model can be developed to predict potential biomass loca- 
tion and growth potential. This prediction would neces- 
sarily be a function of the depth of the source water 

which determines the nutrient concentrations and, thus, 

the absolute biological votential of any individual system. 


The depth of the source water is dependent on the age of 


o/ 





the feature, season, and recent wind stress / Ref. 43 /. 

Further study of the spatial and temporal extent of steady 

state conditions and measurements of flux both through 

the sea surface and the thermocline would be desirable 

for exoansion of these results into open ocean regions. 
Sigee an inerease in biological activity can alter the 

optical proverties of seawater and increase ambient noise 

levels and reverberation, significantly degrading Antisub- 

Marine Warfare (ASW) operations, it 1s important to gain 

a better understanding of the distribution and development 

of Diomass. Such understanding could be incorporated into 

Semiecat and acoustical prediction models for direct 


fee ctaLy application. 








GTP 


CLUEMICAL MESOSCALE (CRUISE XEILT) 
PICOMOLAR 


PU4 
tyes 


APPENDIX A 


NUS 


Wil 


rf 


DISTANCL 


R/V ALCATILA 


oR 


LATITUDE 


TI At 


ip 


ecooce 
CO OCn 
oeeee~ 
TPOWMAY 
i oe oe oe) oe 


225.6 


3.8 


ARAOALP™ 
scarce 


QOoceocooeoaoccce 
PANES ALMA SF AGA UU 
eeee#e#ee%* ee © @ @ @ @ 
DUULALALALALA LALA LALA ALS SU 
a ee] med ed el eed ce ei ef ed ed ed et et 


“~LOMAIN SOOO mM 
BV IIS CUS SO CLA GUS A 


NIAINIOIIN AINA AIA AURA 


© OM © 
° e € 
w p~ t 
O wn S 
ont = Tf 
O 
a 
ve) 


SON med ON OS ALN Se cert FS ed eed ced oes ot 
See Cee Ge en eo GnNGhiceic no. 
eeeeeeee#e##e?ee#eee ee 


am ODIDOOCCeC{aCoo 


AAP OSD NANO SINS 
ad A et et Mt MO ABD SL 
eoeeeeeseeweeete%t © @¢ @ @ 


Poe tee Pe O00 OAL AL 


oc Socce=]ZocEe¢coc¢ 
STOO ™= A QOMAPHAAA LIME 
oeeteeeeee##eee%8 @® @ 
SVEN EN I SNS SS NUN LN 


ed comet ed met eee co oe oe eed eee el ee ee 


ATVDATF ISOPALTOCOD 
PPOAANAN MN NN tet 


PEO RG NOI OUR ACA NUNN 


133.2 
143.8 
197.2 


10.1 
16.6 


SNA AOAARAOM ON 
S27 o72 eno oS 
ee#eee#te#eetFfe8t#e8f 8 @ @ 


cooococoecscoeococe 


WOwlmADSAMADIOAWYM 
— MAN Sa ROC 
@*eteteeeeeterteeeee#*%* 6 @e @ 


SIN NNSA PLO 


e 
REO eet RIN ALS ADD S™ MDD A OD a NN MSM AS AO OM 


eococeceEecococe] 
A SA FUR OANOOD SH 
®@ ee @© © @e@ 8 6 © @ © @ 6 
ABBA ADA ADEA PP 
a ae) oe oe ON el eed ome ee med coed 


PB QOXAOPTYEMAATIO 
Camm AALAM AP SACO 
oe eee 86tee#¢ ¢ © @ @ 


AIBA FF STAIN SD Ph Op 


— pe Al 
@ e e 
cand xs AJ 
oO N © 
ome AQ NJ 
m, — 
° e 
“ oO 
ey 


MEAS AAT PRO CS SUN SD 
a Gos oO oC Ge GC anew c 
oeeeeteeesteeteee*6¢ @ 


oqoooercoooecoecHa 


Pe PS PSPS Am DOLD 
SAAISIAIOIAIASSS FMA 3 Ae 
eoeoeveevt?teeet © © @ 


SVB BSAA US ALS LY 


oe ee 8 @© 6 @ 


SDN DH ONEN BNC PANS Asm NADAS SODNaNONA SSN ™ 
e e 


ded ed eet ey ces ed vee eh ed ed ed ed ed meme ed og a ed vend A SON SS A ON NANNY 


i211 44.1 


36 


i fuV 


121 47.2 


36 tot 


L?3u 


I2l 50.3 


ub.2 


36 


100 





CHEMICAL MESOSCALE (CRUISE XIII) 


n/V ACANIA 


ooooccoeocooocoeo 
Pe DOA A OM PMAINIA 


e °° e @ @O.@t @ @ @ @ ee & & @ Be 


ooqooocooqooqoooqoe ac 
AOR SC Oma maT OOO 


TEDLFMV AAA LPPPPIPTLPLPP PLM FFP PLIEMIEEKEMAIAMG 
25 Ly ome oomed a) ee eh el ee cel eed ee ed et ee ed = ed me eh cd ed ed) ee) ed ed) ed oe ee) 
a 2) 
BOE ABQ OayPDHLOLOS*O NAW Ms MADene mC 
AAS PHIPMMHACSODHMAOK CPCs UNAM E TENT CaAC™~ OE 
zee oe eee @ @ 0 © © 6 © @ @ eeeeeeev ee ee ee & @ 
aN ORE APP LPLRMAMMAMA MAM HHP LOODALP SET OHS 
Se rm eg med ced emg cme ce cae rms ed et caer eg ee ced ce cae cag ceed ceed ed) aed) red ced eed ee) eee, 
3 = 
~ © A oO 
a © e 9 
ad ao od ww X 
a a © er © 
mo 2 oO @ + 
qZz 
= - © oO re 
= ¢ 3 ° e ® 
) od “ fv wm 
qe ©) “ - wm“ 
a “N ond am 
Oo 
=) 
a 
> & 
MOY AAMMOCCIPNST LOR SENS MPMmDSTHOWMMOSECCOO 
LF FO S*BDdeVNWAAOOCAPADRPOCADDR FROSCCOCOSAIO aac 
Corte 6 « of eoeeeer eee et eee @ oeeeeeeteeeeert eee 
rt et at te IO OOOO OQ DSS a ht at ret ced ed ed oat eet 
CEP DAD tPKtnlrwVNdonyvenO BaHDPrCwnlrvnergs am Or) 
- Powe ST ett AS AIM DOE Da  DAIN SA A pet OL MONS 
= « «© eeeee&eteeeee%#%¢e ee ef @@e@eeeet# e® @e@ @© @ @ 
SIMO ODOCBDRASDEOVINOYQ ~~~ MPP QOIDIPE PE 
wed 
? 
Z MIANAD DAM NDSTOVDNE STINE DVQASNE AOSD LOANS 
a—qT eee eo oe ee ee em eh hl OrmhlUc Ohl Ohh Ohl OrmhUc MO HO He ee em erm erm ermlcemlcermll le 
bee eS DOR ONO met et FINI AF PAIN OM DTD AAS S Sapee@ NASAL SAN 
PP WAIAIN AERA AAMAS IVAA AM MMA ST Peer Ory Ps 
5 
tu 
2 _ _ 
aD e ° 
fae jams ee e] 
wm ian us 
oe 
=o —_ _ 
2 N = 
—_J —_ = 
J 
a o) N 
= ® e 
— to Ad oo 
et YL od = 
— — 
a2 O ~~ 
= 0. o 
aby = vd 
<T pee “” = 
—a = cu 
mm (5 aad ome 


v4 
= 
© 


Scoecooce 
On@meovoo-sr 
® @©@ ee © @ @ @ 
AANAAIAIOQISN 


mth ee) oe oe ee) ee) ee) ee, 


OTMDN aS 
NN SS OWDPC 
ne | e636 
MmOANMYIDD 
=H AIAIAL AIA at om 


830.4% 
1325.2 


170.4% 
287.9 


SMAIAIS aa OC 
COCOONNGA 


oe 20©@ ®@ @©@ @ @ @ 
= aj eed oe ee el ce 


CONC OSS 
ASS rma AN 
ef? @ ef ee 
He MOM OAO 

= a 


-f 


Sh. 7 


L2l 


20.6 


36 


1930 


ceccoooceoodo 
mt NE PUA 
eeeee#t?ee ¢ @ 
FFPAAMOAGHSS 
Se ad ey oe ed) ond ond ed oe) 


UN wnt ont SP NCO CRU AS 
SN mt 3 OO US PUN COO 
ee @e? @ @h6UhHm—lUhOFhUOHhUOF 
SPP OAL te NYSE 
a ee St | 


645.7 
755.9 


69.1 


mt OO FOSFOA DO 
NISINIANIAINIOIQIN 


eee © %® 6 @6h6UhOHhUMHlUM 
a) =) ce ol ee | ed) ee oe 


VONSKrsSTmoo 
MAM SON 
oeee 8 8 @ @ @ 


PAPARHAD AS 


BALD ANDNNG AD APA SS 
° e oe} eeeee#s# 
ODD DTA AES ast MBAININ ASA FP 
fers SO bp So We a lala) aor ilteillg Wie Sn en gn 


LZ 


36 22.1 


LOeo 





CHEMICAL MESUSCALE (CRUISE XIIT) 


R/V ACANTA 


cC_ —]Cocoo 

C2 tA OD SU 
es *ee8? © om 
TIAA MAAMS 
CED tL) ond cond cme coed qomed) smn come 


mo 


TCeKhaDO 
IAL TA DAG 
ZS eee eee 
wa Sot SO OI AW 
SD et et et 
ws £ 
Ni 
e 
awd uN 
Qa.“ o 
mo “ 
<z = 
fe 4 © 
< e 
a nt 
a6 — 
= = 
Soo 
a 
o—_ 
a 
~f 
ea 
a3 
-”, 
os 
aa 


| DISTANCE 


LONGETUDE 
VEST 


NORTH 


LAF LWvE 


ee8f ©6888 86 8 8@ &@ @ 8 @ 


ceoqoococ] Cococgce=c 
NMODDSCAWOMODOCCS 
ee @e ¢ @ © ee © @ 8@ & @ @ 
PTAA AA WU ALA AUG WO 


met goon) cot) ome) oo) ome eee) ce) ed) et) ed) Od =) 


NDBOCDS CINE Hat COMO 
Pas NEMO N MOAR O MY 
a a rr re nr er 


WS PAM OA AMMA AIAINUAI 


O 1 - 
® e Go 
fF oO = 
WN w @ 
a = N“ 
re es 
e 8 
™N fp 
eA =) 


be2 


S611. > 


2130 


coocooec zoooecoso 
ed ot at ed mB A I FPS PT 
oe ef @ 8 8 &@ oe © © © 6 ow 


® 
00ND 9009 DODO D ODDO 


med gain Od end eh ees cong Od ed) coed) nd) md) ed) pee 


SVDHamOPaIQOeryrsnHen 
OOM CMOS DCS Teta mS 


NNNNNNANNANIAI SS ees 


06 @o A 

e e e 
ron) ond N 
2 wo So 
N\ _ Xo 
- ~ Ni 

e e e 
O O and 
Oo N w 


Del 


122 


36 13.3 


2100 


1O1l 


Coeocooceocooocoo 
CODD IN ee eet cet et AU OLS 
2e 2e«e © 6 &®& © © 6 @ 6 @ @ 
ODODDOIOOVVOOSGN 


ha) et ee ee ed ed od eed oe) ed 


DAI KORA AOM OWL 
ACINNPCOPDeEOODeD 


AAMOOAIMAAINAIASAIOI 


337.2 
421.5 


52.7 
50. 


0.00 
0.00 


PTA IAS AM ODA OO SPAN SADE A DOP PMNS DAE ADS TNO AN DPOCONO SAE OA 
— ®* © ee8e«et @eeee#28# © @UhwewhUhCUcOhlUrFhUhhUcMhCUrh/OhUCUCrHhUhlhlUhFmhUh! 
CED Se DIAN OD mee AINA ST PINIDD OSM OE RS DSU SPALL IN Se NDPACO ata 
Lo A AWAAUAMUAU 5 OID 90 SMO S VO COU IU SEER MEL RN EEE EOE DTV DOES 


®> © © ®@ ®& @ @ es & © @ © 6 @ 


Tl 


122 


36 


2130 





CHEMICAL MESOSCALE (CRUISE XIIL) 


ACANTA 


KJV 


SCCcoclaecoqooceoanse 


IOP PaO DMIM-MNOMm Pponn~nnrmm 
eis e @ *®eeet eo @ 6 6 &© 8 © @ & 
ZOWMWM ROAWODOQODOOOOIS 
‘ded ad ed dene ceed ceed ot eed cad oad ced ced ye omelet) ed 
rm © 


Oe NCAT aDLPSMOHD™ OCA 


Cac POODorceo~ S00 0s 
> ae oe*eeeeee¢8 fs 68 @ @ 
NNN NIAIRAI IU AININUNAIAIAI NAAN 
OF 
Ys) ~ fh 
e e ® 
a oN >) 
a vt Mm 
FPO m ws O 
<2 
=- oA wv NI 
< e © ® 
—_+ us + 
a= lm ~ = 
— = ~ 
OC 
) 
cl 
on 
SN ee ON red cad et ot at PO et on OO OS 
rr SS SONS se treoseceoeEe 
Ur ec «6 eee eeese © @ © © @ 
L_co  CoSQoocoqgcoocsccocs 


eee ake te Cnn a OOOO SOS 
ee eae) Cea eo eg eh ee So) 
Lis ee e*e®eeese#iee%**#e%#%*e eee @ 
Ls OC CO OOCOOC OC OCC COCO lt OO 


‘ad 
i) 
ZF ameMNMADPO OVUM AMM oN 
<<" eeerteeseeteeseeee#e*eees 
ma CAA PEPIN DSM~ ESOT OSC aN 
A Sea a DISS STS 
aan 
o- 


UG; 

ey a 
=} e 
——. = 
=f 

Col 

ae “Ni 
= i 
=| = 
UU 

“ ~ 
=p a 
_—-_ - 
— 

— 

ee OO 
a, a 
Rah ‘) 
<= > 
—> ™N 
p= tS Ne 


Sec oCooOCoooce cco 
WFP PAMN Te DOoOPrre KD 
° 
0 
os 


PO LAL Bh Oi Df ee TD 
SOM OUMOEMAM POAC OO 


AIEEE OI OCA AIR A AION 


1294.2 


l61.5 


QOOCIOCOOOonwDovce yo 
Pm fe me fn fm fee Pee fue fe Pie fie tne ft fine fre 
Ce ee ee re ee ee ee ee ee ee ee ee ee 


ceo tocoocecseoocoo 


0.00 
0.00 
0.00 
0.09 
0.00 
0.00 
0.00 
0.190 
0.00 
0.00 
0.90 
0.090 
0.00 
0.00 
0.00 


l22 lle2 


Ol. 


36 


223) 


LOZ 


ceEecececcocceceooao 
SOSA OW OM MOQUEL ANAM LF ay 
®*eees*#*t%t*#ee@ee#eeeeee tt 
meme SQDODDS SOOO GDOMm 6 


sh ee ee) ee ee) eee eee ed ee ee ds ee 


IA SNC aS OMS CMOS 
SOWA DOOD ORME AMANO 


NIANINAINNNAIAIAINAIAINIAIANIAN 


f AN oO 
® ° o 
@ Lf = 
uN oO Od’ 
=J one] A 
eo on 

e a e 
ns 

© D 


BBOoecrrnowvovVvoeseaocnanm 
Frm Pree Pinay frum free Moe fem Pee fine (Me fem Pee fit fem fie fine foe 
eoee#?s2s8#ee*e 8 e © © @ @ @ 


oOcoccooceoertoce ooo 


Soca seqooqoelteecea ooo] 
fs ae Ne en ee ce een Go ae 
Oe eee ee eee 
Oooco2a scelTeoocsooo 7s] o 


16.00 


2.08 


79 


O. 


0.00 


DISCO a~MNADLTO AawK OIG LAAN 


35° 5:34.65 


2300 


eee 
AAAS PAIN OM TEAPODstS 


122 15.4 


DUent 


35 


233% 





MESUSCALE (CRUISE XI1T) 


CHLMICAL 


ACANEA 


K/V 


SS SOCSSsces$ 
had DU TF FIBULA SOO ON 
a e* seeee &€ &£€ @ @ 
ZT IOOODOODVSO TOMS 
‘ated he ont Gt ened cd anand cand cond anett wou woud oan oom 


~ 


SS NNAAS DON oe 


ZMOSS ALF SNM NOMA 
> ee ee ee 
Se rN NN 
Or 
wo 
® 
J oO 
ao™ ~ 
— > -_ 
<a 
c o 
< ° 
~ “I 
aj 2 ps 
— = 
GS 
wo 
= 
a 
SSC coaoceocrc=s= 
Se ee ee Pee ee ee ee Me ee 
—_~ ©f 8 ee Ges © © @ 
eS eS SSC Se Se CS OOO 
Soe Oe eC © 
ee Se a 
WoT ee eo eo we we wm we eh oO 
<To tosses oooeeo 
> 
Pa blcca se ae © 6 6 6 6 6 
-_— 
A 
= 


eeqcectcceZzooeeeooce 
OF cat PIA wet eet PUA Si 
oe eeeeeeese&#eee#e*tete eee @ 
OSIDIDVVOIQIOOOOB0KO DIS 


od ol com) ond oe ot oon od ret) oe) ee) oe ey ee) 


FAONA SNM ASNC DE OA 
AONE APP PP TADOAS PTS 


eee 8e#e8#e 8@ @ @ @ @6h6UM/7*%hU6UhHm™mUhSHhUh!} lh 


AIRE IN UIA INIINIINII OA AIOU INNA 


xD 

e 

© 

ee) 

a 

© 

® 

| 

2 

ome 
SwNsSeccseczasSs 
Pre Pree Pine fie Ba fiw fine fe Pe fine Pe 
oe eeeee# 8@8# @ @ @ 
eoc Coe ce oS 
= Gliese eo 
ed ences = ae Cae Gey ee 
®eeeetPteeeee 
aoe a. Joe oe 


M22 17.4% 


40U0 


2 


Oo roorceceaecec 
AISA om OC DPS cee et et ot 
eo ¢*¢ @ @© @ @ @ ps eo eee he 
BON DDONDD O30 9 


ee re ed ep re ee one omy ee) met 


FEVOM—MNDSVA TH BA 
NF PPAR AIR SPU 
e* @ @¢¢ 86 @ @ @ @ @h( ehh 


PEIN INIINI AGEN IAIN ENON NS 


WO SVE® OMA 
COC alias =o) ae 
ees @h6UcemlUMMDhU 


cecococd 


0.90 
0.90 
0.00 
0.0) 
0.00 
0.90 
0.00 
0.00 
QO .0O0 
0.00 
4) 00 
0.00 
1) .00 
0.99 
0.00 


20.6 


122 


dT.S 


00 3% 


Sot ceoo2eos 
SON SANS OA ad 
eeceoe ee 0 @ 


ODVIVOVYS 


= sa =e eee oe ae eed ond 


FP ANODAM ant od 
rr PmmeamnaA 
eee 8 © ¢@ 8 8 


AEN EEN EON EION 


CAL LU UN ALAN FY 
Ce che ee id eee 
eevee eee @ 


esoooce>¢ 


SMA DN SDD HAAR NDR SNEADND PON ROAR ENS SS CRE NDE Tet TT SOON 


me SRINIVASA FS LUAU AS ee SO BO Bee NS OS ADE S O™ TIC AQF ANA TBM PONS OP 
enet nm meg et ove oem aed pam Ome med ome weet oney med meet ommt weed omat ot ome SNM EON TS MIO OR I NINE I TU NN A AAM ARAMA AZMAAMAM 
net eel game OE OO cme come) Od SOU ome eneeh co emeg OSE ome om omy soe ed cet net ene} comet ove ele nent ome Ol cnet peed = cme one ome anetf ome mel Se cee cee) Ol cnet cel eet OE ee ey ee] ed ed oe Or 


5 he dts: I 


J Oo 


O1d0n 





CHEMICAL MESOSCALE (CRUISE XIIT) 


ACANLA 


R/V 


Se OOCO 

WAP ST OO — 
ee? @ 6 */ 

= BOCD5005 

CLF LL) ont cmt ot cxed oxnd) ound omud 


= oC 


SNE NNN 
IMA LPAAAOAM 


a a a 2 er | 


PANO INIA AY 


Chit 
MG 


L 


a 
mw 
I= 


GTP 
PICOMOLAR 


wn SN PALA ESN US 
w- rca a GLO kr ocd oad 
cz © © © © Oe 8 


aoe —~DDO00°0 


UW. Je) 
0.90 
0.00 
0.00 
0.00 
0.0 
0.00 
0.0 
0.10 
0.00 
0) .0U 
0.00 
Qt) 
0.00 
0.00 
0.00 


(Vo) 
0.00 


NC3 
uit 


DISTANCE 
KM 


UDF 


— —_ 
oat 4) 
oul 
= s 


tii 
NOR TH 


LATITUDE 


fide 


add 


OQgooostec sSeo0Cceeos 
NO att at Qt ANON A PAM 
J ee ee ee ee ee ee ee ee ee ee ee ee ee 
HOD 3BODLVYD ID ONYNOVY 


a oe oe om) oe) ae ee) ced oe) ce) et ed et eet 


A Ge aOR rein Oho 
PLP LA AA AC cet et et et et 
*e@e@eee#e¢e2s @e@?8s © ¢ @ @ @ 


PUES INNING 


DUAR RIN SSO OMA L O 
DBDOgortretrorerzoxver=rty 


C22. ScCcloCc CCooce 


0.90 
0.00 


l22 26.4 


4.1 


36 


0150 


Ceoqgoc¢ ooc} 
mA heme POO MAA SE OO 
eoeeeseeve et eee 
OMAN AAD ODOOO 


at ots oe ed oe et ee) ee 


at OO MPU AAS 
i Oro ok Toalath: mcotenl Tan) 


ee ee ee ee ee ee ee ee ee ee 
CUNIANIOLA COLA OF A 


- 
e @ ° 
NO ~ 
~ +t 
ome = 
oo + 
ee @ ° 
an Ni 
Da Toa) vr 
Nogeowonwneoo 
wo eats ae es CaiGoleo ouGmits 
eet @ se @ @ #@& @ @ @ 
SoCcoegaQogoococ] 
2Oooceccaoc 
Beh Cay Ge Ge ee es ea Oe ee Ree 
ee *@¢@8@#eee# 8% ®* @ @ 
OCcooTVToooeco 


SFT NHaAtMUSIMANSMNOIMA LS FPADNOSSTINOCOLTONOCOY 


oeoeeeet 8 6@ # # @ 


L222 29.5 


7.9 


36 


0200 


104 


OVC fsaeecoceccecocoqg 
NS SS eo 

«* * @ @ @ ®@& «6 @ @ @ @ @ @ 
OOD sRARS ETA 


ond comm Od ed cel cnt ged OU get ed ome coed cee Od eel 


SENDANS™O Ph wats 
ee et et A A Pr OS A SS ee OD et 
*e @ ee @ 88 8 @ ehUcMhC<C HhC<“C MC<“ CUS 


PP TARR AIA RIS A pe OO 


oO N a 
& ® ® 
oO ce ow 
N oO oO 
od A N 
on 3 LY 
e ® e 
an — S 
ow 2 pf 
mal 
Sa xpaone af? he 
CDOVWO On 
ef @ @ e © 
aSoocS oo 
Ef 2 © c) 
= OS =o¢ 
®@ ete @ ee 
Sooco°o co 


9.4% lZ2 26.2% 


30 


Ge) 


oo 
mJ 


sei) come) 


617.4% 


173.7 


Op 


co 


6 5 
“sf 
e ¢ 


co 


PALOMA ONENDANS FDA aah 
*eeee#rktheeeeett}eee#eees2kes8f#Ft ff ee ¢ © & © @ @ 
~ eee OS Sa NN SS Nn DSP DDO FR tm IIASA PAA SOP DD A OS eee NN A 
amen ag 8 a SF NUN IN iy wo mea es LNs LE EV GSN ON CN CEN CODY ONIN Noh OS NS) wo)! a) ea) 
Sr ne a ag egg a ae ell cog emmed sss rel a os a eh ied eon gad cd and pe cy ened send ww (gd ig omelet 


21.6 


22 


bless 


360 


0 30U 





CHEMICAL MESOSCALE (CRUISE XIIT) 


R/V ACANIA 


Gcecomccoceocceocecea 
QO PDR OH SPE —mOMMAAO MOM 
= oe 80 © © Om 6 86 6 eee 8B © Be ge 
TOP PKP TPP rer PHP LPIT SH Pn 
Vad hs ome ome cmd ceed cad cued om) cme wae come) cane end ed gee eed me ed eed 


nen 


mt TAP DPM POO Rath M FAC at OD 
ZOATHOVQVOBDNOMM VON ra 
SZ ce«eser Geo tee eevee © 6 
meee oO PO 
_- 


Re es 
oS Pe 
° ° 
rm) wo 
a. eA fe 
= °o - 
<< come om 
fo 4 © = 
<< e © 
= =) fv 
a= Oo A 
== N 
goo 
ad 
= 
io 


SN ELD et ee ed ed et PY A OO ee 
Lf ADSDVDNOATDODoOowoceoerscao272C 


a | 


a Deoceccesccoeoeoceeaces 


Sool eoaae jSaOlDCoOSD2colO 
ae ee SS ee eS eS eS 
CBweseteteeeeeeteeweeet © @ @ 
aea2Ooooe Seso5972000000390c0 


LUNGLTUD 
WEST 


PiMe 


GF 


oooeoeoececo 
MADD PODS PMS 
* © eee¢ee8 @ @ 
SUR UIA LSA LALA A 


aed oe od) a ot ed) os) ee) oe) ee) 


ALAM AE APM LA MA 
M™ DO Dest HPPoown 


NANA MAM AAA 


154 .% 
184.2 


13.1 
23.0 


LA LIL OLA LN OR 
SoOowmDennoor=>®D 


cooocecoeoce 


122 15.0 


36 14.7 


0 340 


ee 
© 
Ori 


Gecoecececcsececs] 
N93 DULL LN ng cams CL) Pw fr tee LN 
oe eeeeve 8 «© © & © © @ ®@ 
LUA PPP PPS IAAMAMS 
ee ee ee ee er) 


MAA hI OCS tm eT ant od 
DOOM VOM OM Dees 
Cr er ee ee ee ee ee ee ee ee ee ee ee 
AP Pin OOD me —M KOM 

= = 


260.6 
416.9 
731.9 


54.6 
Ll?v.7 
235.48 


SEAL ALIA SAO ODSBO NS 
LQecsnzcranDnooereeac 


coccececoceceac]e 


=DSoec_oaolCcoececostc 
=o a Oa ODS tS 
eo eeeeee fF eee te © 8 @ 
ea Voc = 2oOo00°0ScsS2=6 


22 1.7 


16.5 


36 


04.00 


wh ae, 
— 


occoeodce 
Cg ed et LD Pe SSS 
*e¢ee8 8 *® @ 
RAAAAAMN 
= eS ae SS on = oe 


Omran 
OA BDWUPF wr 
eeeese8® 
eaoeocroegea 
at AUN atm AA 


654.9 
B76.2 


175.6 
143.4% 


WS LES OS me ON et 
ao oo eeac 


Coe Ca—4 


NNCSCA OR 
wm CT at OOP 
oeeees8 @ 


PD LN et DONE DDS et eA SN mt ee DR PAPAN CII WNC Dat Deh OE NOMAD 
e @eeeee##@e¢©#+¢ese#% ¢e # ® 
QS eAAQIOIBAA SAL 5: SOD PPPS Dea NMDL SANYO Ce Mews ATaAoe 
em Poe Pine Pe Mee mw Mae Meee Mee ee Mee My Mee fe ee eee SH SS HS TADS TCs 

com) ome) ce) ed eee) oad cone) od ee eed eee mee oe) od gee) eee reed coed) re see et cee ee) ee, oe ee ce) es ee ed eee ee) ed) et me ed 


ceonaaoTRe 


tT. 3 


21.4 


36 


0430 





CHEMICAL MESOSCALE (CRUISE XII1) 


R/V ACANLIA 


eaoocoecoocse 

WI PAS OF APLIALU GO 
= eeeeeee¢e 
‘ed beef ommd cml cam) cama} ommt comm come} come} 


= C 


SOAMOMMAI 
quar reer SoCo 


> ee ee ee ee ee 
et MF AISISP AAP OP OO 
DONANNN ANION EY 
2) 
© 
; e 
a omed} 
a™ © 
me 0 
<s 
=x Oo 
<x 9 
i om 
a3 * 
= = = 
Oo 
a 
aa 
a. 


ON LN UN LA Pe 
> Cae Oto oe 


Ls ee eo ee ee 


eocoocscoceceocoecesooc 
QINCOARE EH EHCONS STUMAVO Mm O 
e®ee%&*te @#e@e @#eeee#e#*eeegesee 
et med cms cae) cama) come) come) te) cama) comet om cmt ce} omen cae ot cam) ee) me 


CH OMMOMEPDOMOMN HAAHDMN Das 
NDAAANDatNUPOOSM aA ARAOONND 
eo*# @#eeeeeeeeeeee#%* ee @ 
TAON\AS AMS SNA CIA OS PP 
NIN TED SP PPA FM MTNA NAIC AIAN 


we a OO at 
© @ 9 9 
wad - — A 
S @ OC ww 
wv f oO + 
we 
oO © Oo ~ 
® ° e @ 
uw mw uw ON 
aml mF Oo Ft 
™ me QQ at 


LENS NUS FL, Pe ON cet cat eet CUI ONION POD AQ ed PD 
waa OOO Cocec Seaococo 


wTOSVBVSOSSO OOS OCO CSS we at et es ot ad ad et ed td 
meoOSHVSEFOD CLOINNOSOMME EE AP OMOVA 

SPP OPT Pt tt FP mt PS et TH LP me 

Ost ee eo ee @ oeeeeevereeeeeevet © & © & @ 

ZrTeHCoesc 2S COCCCKCOC AA SA att St et ODD 

eed 

=) 

Z Leerqunre dss 5— 

a—m~ ¢ eet ee ee © &@ @ ® 

ee at mt A UA PF PIA LOANS 

A ATARIF POCA 

— od ed med eet ont ed ed 

ae 

"Ld 

So ~ 

= ° 

eo Ad 

SA 

Ow 

=.= AY 

= N 

a; = 

Uy 

=e =, 

= ° 

— a) 

= 

<2 ° 

| = 

ae 2 

=e = 


106 


ococoacooco 
Pom Pre Pe Pe OA AP OP 
ee @eeeee ete @ 
AAR AA AMA AH 
of) oe ee) ed et 


NS eed Be Pm LN oF PP es 
FTORPLTIrVSODO 
*@e@e@eeee%% @ @ 
CASI ISSN 
NAININAGNNAIAIA 


PFPPPNNNN CIA SS 
CSS CN GN ao Cy oe CeCe 


Coocoeocc2=o 


0.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


3& 25.8 122 1.0 


0540 


ezocce soooeeo 
A\MNat= COOP AM 
eeeeee#e*e@s es @ 
PAABRAAA AMAA 
om ome qu gan) Ot cme ene) gad oat med sa ond 


Mm PINES OMDW 1H os 
PUN OO) OM om ON 
eoeoeveeveveevee¢e 
PDEA ACA ALR NAIL 
NINIOAINIAIAI NAINA 


US NUS: Pm OP OR ES OR et POI 
AOADSSASSSCCSCO 


OSS OSS OS att mat mat 


BAINN OC :o COM 
St et at ST A AD te 
@eeeee¢eeeeee#%% @ 


ScoecocooecOomsna 


mt mt Det Qt ad Ot Ot et mt JO HONE NNO DOAEAOLASPAWOW 
®eee0erteteeeee#ersetf fF Ceeeereeeeeterrteeeeertee#eeeetet#eeeee*%*ee @ 
Pe DD TS et tN RA SEANAD OM MDS PODOCCS Sea INASAS TINY 
Nt a we es a a eee ae a a et at re rh ae at dt tt 


at td tot ot et ot ot mt mH NINN NINN INN NN NN NN NIN NNN NINN NANI 


122 


20.7 


3u 


0600 





CHEMICAL MESOSCALE (CRUISE XIII) 


R/V ACANLA 


oc. ooececo 
WOT NMA DDOO 
oe eeeseveteveeee 
TONNANAN Stat ee 
bade) kf ome omet cnn} oom cmd ome cand gre ane anv) an 


m= & 


PANDO 
ITIAPANDS Fr 
= @©e¢e8 8 @ 
a ™ AAG AM 
= ONNNAIA 
2) 


mo 
<2 


GTP 
PECOMOLAR 


SVD O we AMAA 
{OCD ab ad et at et et A 
x= *eee eee ee © @ @ 
SS os a cee aed et cant ened coed pat od 


r 
C 
ou 


BPS PoDAAANS 
ge Set ceed coe SP PP et OT EO AP 
oO>rT ft eeeeteee¢ @ @ 
ae mE COIN NI OOO AAS 


whd 


— 

SD Nt Dt ONE NI 
am © e oe wo oem em ee 
— m= OOQAPROC aH 
oa —t amet ound ceed ceed ont SAL CY A AQ 
NEN EN AOI AEN 


DI 


LUNGETUDE 
WEST 


NOW TH 


LATITUJE 


}— 


7 





esr Nem rR ENC S 


Bieavn,; Ree, The Horizontal—Vertical Distribution 
Hypothesis; . Langmuir, Circulation and Daphnia Dis- 


mar outLions, * Limnology and Oceanography, Vol. 16, 
p. 453-466, 1971. 


Huntsman, S.A. and Barber, R.T., "Primary Production 
off Northwest africa:. the Relationship to Wind and 
Nutrient Conditions," Deep-sea Research, vol. 24, 

ome — 3, LOTT. 


Beken, Jers and Wilson, RsE., ‘Spatial Variability of 
Phytoplankton Biomass in the Surface Waters of Long 
Island," Estuarine and Coastal Marine Science, Vol. 
yee 2539=251, 1978. 


Therriault, J.C. and Platt, T., "Spatial Heterogeneity 
of Phytoplankton Biomass and Related Factors in the 
Near-Surface waters of an Exposed Coastal Embayment'" 
Pemnology and Oceanography, Vol. 23, No. 5, p. 888-899, 
nS SS 


Denman, K.L., "Convariability of Chlorophyll and Tem- 
BemAeune Im tie Sea,  Peeo-Sea Researcn, Vol. 23, 
peo o—- 55047 Lo7 6. 


Rime;  eiseamad Harrison, “PedI., Limiting Nutrient 
ratchiness and its Role in Phytoplankton Ecology," 


gournal of Exverimental Marine Biological Ecology, Vol. 
es, Bs 151-166, 1979. 


Memdyed.lL., 2oden, Gel., and Wyllie, J.G., Studies of 


@eeecalifornia Current System, Contribution from the 
Ser ipos Institution of Oceanography, Progress report- 


California Cooperative Oceanic Fisheries Investigation, 
July 1, 1956-January 1, 1958. 


iaaganza, o-D., COnrad, J.Wen and Breaker, L.C., 
"Satellite Observations of a ‘Cyclonic Unwelling sSystem' 
ema Glant Plume’ in the California Current, " 

In: Coastal Upwelling, american Geophysical Union, 
mosmematon, D.C., LZSi. 


Beemocinx, Serle; i avepaleloyl elo si(ojeu xe ATP-Biomass and GTP- 


Pmoducelvity associated with Upwelling off Point Suz, 
California, Master's Thesis, Naval Postgraduate School, 


Monterey, California, 1980. 


maijeGmaiseoacmer, Lacs , 


We 
arc elonte syowel ling 


imeteaiZza, 6D. , Conrad, J. 
"Satellite Observations of 


} - 


06 





te. 


12 « 


eS 


14. 


lo 


Gi. 


se 


ee 


Le 


20. 


eine 


System' and ‘Giant Plume' in the California Current," 
In: Coastal Upwelling, American Geophysical Union, 
Wastington, D.C., 19381. 


Eppley, R.W. and others, "A Study of Plankton Dynamics 
and Nutrient Cycling in the Central Gyre of the North 


Pacific Ocean," Limnology and Oceanography, Vol. 18, 
No. 4, 1973. 


eomaman, J.<C., MeCarthy, J.J., and Peavey, D.G., 
“Growth Rate Influence on the Chemical Composition of 
Phytoplankton in Oceanic Waters," Nature, Vol. 279, 
72. 


Tranter, D.J., Parker, R.R., and Cresswell, G.R., "Are 
Warm=-Core Eddies Unproductive?," Nature, Vol. 284, No. 
5756, pe 540-542, 1980. 


Beardall, J. and others, "Phitoplankton Distributions 
in the Western Irish Sea and Liverpool Bay and their 
Relation to Hydrological Factors: a progress report," 


Biologia Contemporanca, Vol. 5, No. 4, p. 163-175, 1978. 


Savidge, G. and Foster, P., "Phytoplankton Biology of a 
Thermal Front in the Celtic Sea," Nature, Vol. 271, 


Floodgate, G.D. and others, "Microbiological and Zoo- 
plankton Activity at a Front in Liverpool Bay,” Nature, 


Pingree, R.D. and others, “Summer Phytoplankton Blooms 
and Red Tides Along Tidal Fronts in the Approaches to 
the English Channel," Nature, Vol. 258, p. 672-677, 1975. 


Szekielda, K.H., and Suszkowski, D.J., and Tabor, P.S., 
"Skylab Investigation of the Upwelling off the North- 


west Coast of Africa," Journal Cons. Int. Explor. 
Vom vols) 3/7, NOs 3, De. 205-213, 1977. 


Traganza, E.D. and Austin, D.M., "Nutrient Mapping and 
the Biological Structure of Upwelling Systems From 
Infrared and Ocean Color Imagery," Science (in process), 
i981. 


Bronsink, S.H., Microplanktonic ATP-Biomass and GTP- 
Poogumetavity Associated with Upwelling off Pt. Sur, 


California, Master's Thesis, Naval Postgraduate School, 
Monterey, California, 1980. 


Wroblewski, J.S. and O'Brien J.J., "A Spatial Model of 
Phytoplankton Patchiness," Marine Biology, Vol. 35, 


reo 





Poe NARs, “Seo UCtULTe and Synthesis of the Aibosomal 
Reconucleéic AciG of Peokaryotes, " Bacteriological 
Rrevlews, pe. 562-603, December 1973. 


Bese, Uo, Cecurz~ence ana Ecological Significance of 
fee In Ene YUcean and in «:icrepiel Cells," Appiied ane 
= x 


environmental Microbiology, p. 349-355, 19786. 

Karl, Oeet., “adenosine Triphospnate and Guancsine 

S21 pnosphate Ceterminations in intertidal sediments," 
mmmctenOcOology for Ssiomass Determinations and Microbial 
Seeivircies in Sediments, sim sTP 673, C.v. “Littlefield 
pee Psi. Sseyizied, sas., Mimerican Society Loz Testing 
Spe. Materials, Ds 5=20, 29/79. 


Meeao=Lenara, J. and Lippmann, &., ‘Protein Biosyntnesis," 
gn E.c. Snell (ed)., Annual Review of Biccnemistry,, 
Mambal Reviews Inc., Palo Aito, California, Vol. 40, 
409-448, i971. 


— 
G 
Q 
j 
(D 
“— 
O 
ti 


Bee Oston, J.f., “Simgle Tummever Kinetic 
Guanesine Triphospnate Hydrolysis and Feptide Formation 
My the ctiomgation Factor Tu-dependent sSinding of 





Smunoecyl—-tgRNa tc Escherichia Coli xibosomes," The 
wets OL tBloloci Cal Chemistry, Fol. 255, NO. 23, 


pe ere ec = 1900 , “see. 


GliGati., G. and FParmegdgiani ,wa«, The Coupling witn 
Polyveptide Synthesis of tne GTPase Activity Derendent 
See Teneaenen Factor G, Ine Jetrmal or Biological 
Chemuseey, YOl. 255,8NOo. 15, ©. 7455-7459, 1980. 


watson a we, De ’ iC Lect 


ula LOoloGyY Of Meee Gene ees. 
Eomuenmrm, ome. , DO. 331-536 


im 


mane IGtiens Nesumosessionvot the Biosynthesis 
cit Guanosine Triphespnate by Protein Synthesis 
Ss i 7 


ie oetors,” The Journal or ELolegiuca 1 Chemistry, Jol. 
Zoo , INNO « ig, De 105-1909, Poor 


Ver Kd Dues © 
s 


Ryther, J.H., "The Measurement of Primary Froecuction," 
MimmeloGy ana CCeanog~aohny, “vOl. 1, p. 72-84, 1956. 

: be ne —— a : pe ee 
foegos, 0/46, and Menzel, OWW., Comparison cf tne e 
Meenmmique with Direct Measuzement of, Phetosyntnetic 
Carpen Fixation,” Limnoloaqyv and’ Oceanograpny, Vol. 10, 
Petey, 2.”., “An incubation Metaoc for estimating the 
Carbon Content of Phytcplankton in Natural Samoies," 
Limnclogy and Oceanogwapny, Wol. 13, 5. 574-562, ig6e. 
Smith, X.J., “increasing Guancsine 3'-Dionospnate 
Geneent~aetion with Decrsasing Growtn xate in Anacystis 


— a a 





34. 


S58 


Bo. 


S/. 


38. 


Bo 


40. 


41. 


OP 


ais 


44, 


nidulans." Journa) of General Microbiology, Vo sae S., 
Pe 403-405, 1979, 


SOkawa, Y., Sokawa, J., and Kaziro, Y., "Regulation 
of Stable RNA Synthesis and ppGpp Levels in Growing 
Semis OL ESsenerichia Coli,” Cell, Vol. 5, p. 69—~74, 1975. 


Franzen, J.-S. and Binkley, S.B., "Comparison of the 
Acid-soluble Nucleotides in Escherichia coli at 


Different Growth Rates," The Journal of Blologied! 
Chemistry, Vol. 236, No. 2, p. 515-519, 1961. 


Smith, R.C. and Maaloe, O., "Effect of Growth Rate on 
the Acid-Soluble Nucleotide Composition of Salmonella 


Typhimurium," Biochimica et Biophysica Acta, Vol. 86, 
De 229-234, 1964. 


Karl, D.M., "Distribution, Abundance, and Metabolic 
States of Microorganisms in the Water Column and 


Sediments of the Black Sea," Limnology and Oceanograpny, 
Vol. 23°, NOs 5, De 936-949, 1978. 


Karl, D.M., "Occurrence and Ecological Significance 
Of GTP in the Ocean and in Microbial Cells,” Applied and 


Environmental Microbiology, p. 349-355, 1978. 


Lorenzen, C.J., "A Method for the Continuous Measure- 
ment of In Vivo Chlorophyll Concentration," Deep Sea 
Research, Vol. 13, p. 223-227, 1966. 


Slovacek, R.E. and Hannan, P.J., "In Vivo Fluorescence 
Determinations of Phytoplankton Clorophyll a" Limnology 
emGmoceanograpny, Vol. 22 (5), p.- 919-925, 1977. 


Stuackland, J.D. and Parsons» T.R., A Practical 


Handbook of Seawater Analysis, J.C. Stevenson (ed), 


Queen's Printer and Comptroller of Stationary, p. 49-62 
and 71-76, 1968. 


Technicon Industrial Systems Industrial Method No. 


177-72-WM, Ortho Phosphate in Water and Seawater, 
Panuawy, £976 . 


Technicon Industrial Systems Technical Publication No. 


TA 1-0170-20, Operation Manual for the Technicon auto 
Analyzer II System, 1972. 


Technicon Industrial Systems Industrial Method No. 
100-70-W/B, Nitrate and Nitrite in Water and Waste Water, 
January 1978. 


ae 





45. 


46. 


47. 


Se 
pil. 


as 


5S. 


Technicon Autoanalyzer Industrial method No. 
175-72-WM, Nitrate and Nitrite in water and Seawater, 
Momuary 1973. 


eautson, Ger., A Stucdy of Nutrient Variations in the 


Surface and Mixed Layer of honterey Bay using nutomatic 
analysis Techniques, Master's Thesis, Naval Post- 
@eacUate School, Moncerey, California, 1972. 


Holm-Hansen, O. and karl, D.M., "Biomass and Adenylate 
Energy Charge Determination in microbial Cell Extracts 
and Environmental Samples," inethods in Enzymology, Vol. 
Spe 1 3-G5, 1978. 


Tiare 


DeLuca, M., ‘Enzyme Reaction and distorical Background, 


Pieces FOGUM (ede), ATPitethodology Seminar, SAL 


Toemimology  CO., Same Prego, Calatornia, p. l-21, 1975. 
OIC ; De l-3. 
iegicl, Ds 2. 


Holm-Hansen,©. and karl, D.eM., "“Siomass and Adenylate 
Energy Charge Determination in microbial Ceall Extracts 
and Environmental Samples," Methods in Enzymology, Vol. 
Sy Oe (5-65, 1978. 


narl, D.M., “Determination of GTP, GDP, and GMP in Cell 
BMG tissue Extracts, Im Mex. DeLuca (ed.), Methods in 
Enzymology, Volume LVII, Academic Press, New York, 
@emcooa=o42, 1978. 


Karl, D.M., "A Rapid and Sensitive Method fr the 
Measurement of Guanine Ribonucleotides in Bacterial and 
Environmental Extracts," Analytical Biochemistry, Vol. 
Soe oe 2 ol—599, 1978. 


fore, De 587-588. 


Karl, D.M. and Holm-Hansen, O., "Effects of Luciferin 
Concentration on Quantitative assay of ATP Using Crude 
Luciferase Preparations,” Analytical Biochemistry, Vol. 
Pore. LLO-l1l2, 1976. 


Luminescent Review Bulletin 202, ATP Measurements: Theory 


Gime sacetice,” p. ll, February 1981. 


Holm-Hansen, ©. and Booth, C.R., "The Measurement of 
SGP in the Ccean and its Ecclogical Significance,” 


Mimmonocy and Occanogranhy, VYol. i159. 510-519, 1966. 


ee 





99. 


oO. 


ot . 


62. 


660. 


oe 


es 


70. 


Holm-Hansen, O. and iarl, D.8., "Biomass and Adenylate 
Energy Charge Determination in Microbial Cell Extracts 
“WoT envl=Onmental Samples,” Methods in emzymology, Vol. 
DWE Os /o-o5, 1978. 


Karl, D.li. and Holm—Hansen, G., “Effects of Luciferin 
Concentration on Quantitative assay of ATP Using Crude 
Bet o-ase (Depa naerons,  oialyercal Biochemistry, Vol. 
femme. LlO-LI2, 1976. 


Booth, C., “Instrument Development and Data Processing 
meaethne Aros Photometer,’ in GeA.~ Borun (ed.), aTe 


meenodology seminar, Sal Technology Co., San Diego, 
Sale rornla, oO. 104-130, 975. 


Karl, D.M., "A Rapid and Sensitive Method for the 
Measurement of Guanine Ribonucleotides in Bacterial and 


EMvironmental Extracts, Analytical Biochemistry, Vol. 
B89 f Pe 581-595, 1978. 


Mowe, D. 520. 

DUGG) Os 9590. 

Booth, C., “Instrument Development and Data Processing 
Eemumeoeom ise. Phnotometer, In Gea. Borun (ed.), atP 


Methodology Seminar, SAI Technology Co., San Diego, 
Calitornia, p.- 104-130, 1975. 


Rowney, J.V., Gradient Analysis of Phytoplankton 


Productivitv and Chemical Yvrarameters in Polluted and 


I a 
Other Nearshore Habitats, inaster’'s Thesis, Naval 
Peeeguaduate School, Monterey, Calitornia, 1973. 


Weaes, ea eeana ScOLt, BoD., “The Betermination 14 
of Zero-Thickness Activity in Geiger Counting of C 
Solutions Used in Marine Productivity Studies," 


Minmolocy and Oceanograpny, Yol-. 6(2), p.- 116-123, 1961. 


Strickland, J.D. and Parsons, T.R., A Fractical 
Handbook of Seawater Analvsis, J.C. Stevenson (ed), 
@@eem se2rinter and Comotroller of Stationary, 1968. 


Peto, , BCOLOGI Cal MSpects Of Sex Ratios and 
Reprocuction in Experimental and Field Populations of 


the Marine Conenvod Tigrionus californicus, Pn.D. 


Moco mretton, stanrord University, waldtornia, 1966. 


Bavempeaes-., RNa/DNA Ratios in the Estimation cf Growth 


Stages of Cceanic Zooplankton Populations, iaster’s 
me erent PP 4 ; a 
Thesis, Neval CfLostgraduate School, Monterey, Calirtornia, 
eo 4. 





i 


wis 


2. 


73 


74, 


5. 


Toe 


v7. 


iS). 


79. 


80. 


Sl. 


32. 


pmeacnet, Js, Ine Siological Role of Ribonucleic Acids, 
Blsevier, New York, p. 1-49, 1960. 


Sutcliffe, W.H., Jr., "The Relationship Between Growth 
Rate and Ribonucleic Acid Concentration in Some Inver- 
tebrates," Journal of Fisneries Research S5oard of Canada, 
Vols 2/, DW. CO6—609 , 1969. 


feese, ee ete Use TOO BoSrIMabclons of nibonucleic Acid 


to Predict the Growth Rates of Zooplanktonic Crganisms, 
master's Thesis, University of Britisn Columbia, 196c. 


metck, Ve,  Rallos Between Content of DNA, Rua, and 
Protein in Different lhicro-Urganisms as a Function of 
Memamal Crowth Rate,” Nature, Vol. 217, so. 1153-1155, 
1968. 


Baugh, D.E., RNA/DNA Ratios in the Estimation of Growth 
Prices On OGcanic Zoookankton Populations, Master's 
Thesis, Naval Postgraduate School, monterey, California, 
1974. 


Seaoladal, mem. and U. Bamstedct, “scochemical Studies 
on the Deepwater Pelagic Community of horsfjorden, 
Western Norway. Adenine Nucleotides in Zooplankton." 
een mology. /Oleut2,. Oe to7—2Zil, 1977. 


Poaln—tensen 7 O.. Lecermimeatiom Of: Microbiel Biomass in 


Ccean Profiles," Limnology and Cceanography Vol. 14, 
740-747, 1969. 


Ibid, p. 7/44. 


Holm—Hansen, O., "“Carbon/ATP Ratios in Microbial 
Cultures and in Natural Populations," In G.A. Borun 


(ed.), ATP Methodology Seminar, SAI Technology Co., 
San Diego, California, p. 446-473, 1975. 


Semocuie ©.l. and Mikheeyvy, VoN.,) Om Characteristics of 
the Peruvian Upwelling Ecosystem," Hydrobiologia, 
Viol. 62: NOt. oe De 165=189 , 1979. 


Holm-Hansen, O., "ATP Levels in Algal Cells as 
Influenced by Environmental Conditions," flant Cell 
Pictoloegy, Vol. 11, o. 689-/00, 1970. 

Karl, D-M., “Occurrence end Ecological Significance of 
Gfewimn tac Ocean and in Microbial Cells," Applied and 


snvironmental Microbiology, p. 349-355, 1978. 





0 
7 


a 
OO 


83. 


84. 


So. 


BO. 


By 


88. 


20. 


Sale. 


Oe 






Hanson, W.E., Nutrient Study of Mesoscale Thermal 
Beceures Oft Point Sur, Calvrornia, Master’s Thesis, 
Naval Postgraduate School, Monterey, California, 1980. 


mecaeamza, Ges, Conrad, JsWe, and Breaker, L.C.,; 
wsatcllite Observations of a ‘Cyclonic Upwelling 
System' and ‘Giant Plume' in the California 

Current," In: Coastal Upwelling, American Geophysical 
Doron, Washington ,9D.C., 1981. 


taageanza, 5eD.s, Nestor, DoA. and MebDonald, A.k., 
"Satellite Observations of a Nutrient Upwelling off 

the Coast of California," Journal of Geoonysical Researcn, 
Welw G5, NO~.°C/, Oo. 4101=—4100, July 1980. 


Baugh, D.E., RNA/DNA Ratios in the Estimation of Growth 
peemeces Ob OCcanic Zooplankton Pooulations, Masters 
Thesis, Naval Postgraduate School, Monterey, California, 
1974. 


Milebe, F.li., A Comouter Model Study of Zooplankton 
Saeedincoomana 1tS EEEeCE Cm Samplimj Error,” Limnology 
pMemeceanagneapny, Vol. Lo; No. 1, p. 29-38, 1971. 


Mierriauiley  JsC. and clatt, LP.;, Spatial Heterogeneity 
of Phytoplankton Biomass and Related Factors in the 
Near-Surface Waters of an Exposed Coastal Embayment," 


Limnology and Uceanography, Vol. 23, No. 5, p. 888-899, 
To 73% 


Pree Leckie, Eaiiweana ©£roi1tes, rRoW., “Spatial 
Heterogeneity of Phytoplankton in a Near-Shore 
Environment," Jcurnél of Fisheries Research soard of 
eamecda, Vol. 27, Oo. 1453-1473, 19°70. 


RPeaeieolad, %.c., ‘The Biological Control of Chemical 
Factors in the Environment," American Science, Vol. 


Gememan, J.C., —icCartay, J-J., and Peavey, D.G., 
"Growth Rate Influence on the chemical Composition of 


Payeoplankton in Oceanie Waters, Nature, Vol. 279, 
eo 
Peietsede, oJ. and Dugdale, R.C.,8 "Tne hinetics of 


Nitrate and Ammonia Uptake by Natural Populations of 
Marine Phytoplankton," Deep Sea Research, Vol. 16, 
Deo, L200. 


caw. shattathiri, P.Me, ena BSevyassy, V.sP.,; 
"Growth Kinetics and Nutirent Requirements of Two 
Tropical Marine Phytoplankters,"*arine Biology, Vol. 
ieeoreeso—3040, 1973. 


1 e5 








ocd. 


25. 


BO. 


Ss 


DO. 


LW 
Ww 


100. 


Ol). 


EO 2 « 


O3. 


Caperon, J., “Population Growth in Micro-Crganisms 
tamerced by Food Supply,* Ecology, Vol. 46, p. 715-722, 
pon. 

Dugdale, R.C., "Nutrient Limitation in the Sea: 


Pyeamies, ldentitieation, and Significance,” Limnology 
pmemoceanognaomy, Vols 2, p- 685-6595, 1967. 


Thomas, W.H., "“sffect of Ammonium and Nitrate 
Concentration on Chlorophyll Increases in Natural 

Page hecw ee aelilc Pimgloolankton ropulations,” Hamnology 
ememececanOgranny 7 Yolen 15, 5. 386-394, 1970. 


weet seac, O20. and wuqdale, X-C., “interactions of 
mie and Pnorganie NLELrogen in Controlling Nitrogen 
Uptake in the Sea," Deeo-Sea Research, Vol. 19, o. 
ZO9a232, 1972. 


Meieiicaae, vU.-.J. and Dugdale, RoC., The Kineties of 
Nitrate and Ammonia Uptake poy Natural Populations of 
Marine Phytoplankton," Deep Sea Research, Vol. 15, pb. 
45-57, 1969. 


Karl, D.M., "Cellular Nucleotide Measurements and 
Pepe uedtelemc Mei terOolauesGoLogy, Microblological 
Reviews, pe /381, December 1980. 


Karl, D.M., "Cellular Nucleotide Measurements and 
(Pebeaerons ia Miecrobliae tecolocy, ticrobiological 
Reviews, p. 739-796, December 1930. 


Sronsink, SenHe, microplanktonic AaATP-—Bicmass and GTP- 


EPaecduicelvwmiscy -ssocrared wren Uowelling off "Pt. Sur, 





Baliformaa, Master s @inesis, Naval Postgraduate School, 


monterey, California, 1980. 


Steele, J.H. and Baird, I.8., “Relations Between 
peinamy Production, Chlorophyll ana Particulate 


Sac whimnology and Ceeanograpmy, Vol. 6, 1960. 


Peetewene ys, Harrison, wW-G.s, Chisholm, S.w., and 
Seevare, &.e, Perticulate Organic Matter in Surface 
Paeers Of Southern California and its Relationship to 
Em@coolemkton,' Journal of Marine smesources, Vol. 35, 
meee l—ose, 1977/7. 

ESmaynieds, Talcoot, M.C., and aAlberte, R.S., 
"Phctoadaption in Marine Phytopovlankton: Response of 
the Photosynthetic Unit," Marine Biology (in Dress 
eel. 





NO >. 


106. 


io 7 . 


106. 


OS . 


a0 


el 


oi 2. 


el. 


el 


Slovacek, R.E. and Hannan, P.J., “In Vivo Fluorescence 
Determinations of Phytoplankton Clorophyll a" 


Limnology and Oceanography, Vol. 22(5), p. 919-925, 
1 7 


PeaganiZza, Beb., Conrad, J.Ws, and Breaker, L.C., 
“Satellite Observations of a 'Cyclonic Upwelling System' 
and ‘Giant Plume’ in the California Current," In: 
Coastal Uowelling, American Geophysical Union, 

nee nangeon, O.C., 1961. 


comemat, J.C. ,emecartny, Yeds, and Peavey, D.G., 
"Growth Rate Influence on the Chemical Composition of 
Phiyeeplankton in Oceanic @Waters,” Nature, Vol. 2795, 
Io 


Parsons, P. and Masayuki, T., Biological Oceanographic 
Meeceoses,, ©ergamon Press; ota., New York, 1973. 


DeWalt i -neOCULDO, e4., pemd Platt, T., “The Chlorophyll 
Pvectaclon spectrum in the Sea, Limnology and 
Secanegqruaeny,e /Ol. 22; NOww6, Oo. LO33-1036, 1977. 


Semermiy vel. and tikheey, VsN., “Cn Characteristics of 
fee Cu aan upwelling sGescvecem, »§nvyadrobiolegia, Vol. 
Cee ee LOD 189, 1979. 


Shushkina, £.4. and others, “Characteristics of Func- 
tioning of rlanktonic Communities in the Peruvian 
Upwelling," Okeanologiya, Vol. 18, No. 5, p. 886-902, 
ove. 


Semckhinge 2.5 ‘Caabacteristiecs Of Primary Production and 
Heterotroohic Microplankton in the Peruvian Upwelling," 
wioanpoleciva, Vol.918, Now lo. 97-110, 1978. 


Karl, D.m., “Adenosine Triphosphate and Guanosine 
Triphosphate Determinations in Intertidal Sediments," 
In tiethodolo for Biomass Determinations and hicrobial 
ema eeneos| tm Sediments, AsiIM STre673, C.D. Littlefield 
and P.L. Seyfried, Eds., American Society for Testing 
aiemeaterials, Dp. 5-20, 15979. 





pom te., “lCeCO—-Ssea Primary sroduction at the 
Galapagos Hydrothermal Vents," Science, Vol. 207, o. 
1345-1347.1950. 


wees CCcurrence and ecclogveal Signizticance sci 


GTP in the Ocean and in Micropial Cells," Avolied end 
POveewemmentcal Micrcbiology, ps 349=355, 19785. 


ay 





119 e 


20. 


21. 


we 2 « 


le 


2s 


126. 


ee 


igarel . 


Hee, Gata, souOealeculennes and Ehytoolankton Ecology, 


second ed., University cf Wisconsin Press, 1975. 


Anita, N.J. and others, "Further measurements of 
Primary Production in Coastal Sea Water Using a Larae 


Vetwme Piastic Spmnere,  Lamnology and Cceanogranhy , 
Ved ¢ oe De 237=2562. 1S5¢63. 


McAllister, C.D. and others, "Measurements of Primary 
Production in Coastal Sea Water Using a Large Volume 


PiestiG Spmere,  Lammoleagy and Oceanography, Vol. 6G, 
De 23/=258, iS oie 


Peetsdaew us... Gna peugeale, R.C., “Interactions of 
Pritt cnc inorgGanine aia crogen 1m Controlling Nitrogen 
Uptake in the Sea," Deep-Sea Research, Vol. 19, p. 
BOPg=232; 19/2. 


Caperon, J. and Meyer, J., "Nitrogen-Limited Growth of 
Marine Phytoplankton. I. Changes in Population Char- 
acteristics with Steady-State Growth rate," Deep-Sea 
peseanen, JOl. 19; 5. COI-61lS, 1972. 


Commltosc wee. and clawykauG-., ‘Significance of Cellular 
Nitrate Content in Natural Populations of Marine 
Phytoplankton Growing in Shipboard Cultures," marine 
S5ioloagy, (ene na Ye 2/-32, 19760. 

Lemay jmrendee, Laloot, t.C.n end Alberte, A.S., 


“Shotoadaption in Marine Phytoplankton: Response or 
Someone recyNtenetre Unit, sudzine EBpology (in sress 
mel.) 


Bega ot. ee olLoalscultures sand Phytoplankton =Ecoloay, 


second ed., University of Wisconsin Press, i975. 


Pome. Lalbot, M.C., and alberte, R.S.-, 
"Photoadaption in Marine Phytoplankton: Response of 
the Photosynthetic Unit,” Marine Biology (in oress 
Pei )s 


Peemeaeec, Ost. and Sugqdale, R.C., “interactions of 
Pecivemecnca lnorganie Nitrogen in Controlling Nitrogen 
mtake in the Sea," Deen-Sea Research, Vcl. 19, bd. 

POea2zo2, 19/2. 


Peete. Na, RENGCECr, c-2., and Cullen, J.3., “ammonium 
Vieemreution im Southern California Coastal vsaters and 
Weomeote in the Growth of Shytoolankton,” Laimnoloav 


Bpgmeceenocreony, Jools 24, Now 3, Db. ™IO5-50%, iv/S. 


h 3 
tf 
Ov. 





sO. 


fl . 
iS 2» 


iS 3 6 


134. 


>). 


m6. 


ime 7 «. 


js 
GJ 
0) 
e 


oe 


140. 


HOPG, ps 495. 


Caperon, J. and ilieyer, J., "“Nitrogen-Limited Growth 
of Marine Phytopnlankton-I. Changes in Population 
Characteristics with Steady-State Growth Rate," 

Bee eaoee se seanem, Vol. 19, po. GOl-CGila, 1972. 

Setamanj; Uae. , MeCarthy, JTed., end Peavey, D.G., 
“Growth Rate Influence on the Chemical Composition 

Sum iy toovankcen tm Weeanic Waters”, Nature, Vol. 27°, 
1979. 


Mio Delis,  CeCUnrence and mcological Significance o£ 
GTP in the Ocean and in Microbial Cells," Applied and 


anvironmental Microbiology, p. 349-355, 1978. 


Bronsink, S.H., Microolanktonic ATP-Biomass and GTr- 
BeOdNeGl yey sissociated with Uowelling off .2t. Sur, 
California, Master's Thesis, Naval Postgraduate School, 
Monterey, California, 1980. 


ia eo aye OGCULTence and Beelogical Significance of 
GTP in the Ocean and in Microbial Cells," Applied and 


PAVaOnmemra lutd CrOblOlOgyY, Ds 349—-355, 1978. 


Cectantetma nes. and Sturani;, £., “Levels of the 
Ribonucleoside Triphosphates and Rate of RNA Synthesis 


in Neurospora Crasse," Biochimica et Biophysice acta, 
Pole o7 Oyo. 2/2276, 1977. 


Holm—Hansen, ©., "Carbon/ATP Ratios in Microbial 
Sweoires and 2m Natural Populations,” in G.A. Borun 


(ed.), ATP Methodology Seminar, SAI Technology Co., 
Sanepieqgo, California, p. 446-473, 1975. 


Baugh, D.f., RNA/DNA Ratios in the estimation of Growth 
Seace os Or Oceanic Zooplanton Populations, Master's 


Thesis, Naval Postgraduate School, it.onterey, California, 
Po? 4. 


fomemamyme acs, “MeCCAarehy, Usd., and peavey, D.G., “Growth 
Rate Influence on the Chemical Composition of 
Piteomlanweon im Ceceanic Waters,’ Nature, Vol. 279, 
kek. 


Peesomzay hele, cOlrad, Je<We, and Breaker, U.Ce, 
“Satellite Cbservations c£ a ‘Cyclonic Upwelling 
System' and 'Giant Plume' in the California 
SG@ewe win: —€Oastal Uowelling, american Geo- 
SPevomect Onion, J/asnington, D.C., Loci. 


deo 





rai. 


142. 


143. 


MPOOley awaits akiGd OQtners, "mR Study of Plankton Dynamics 
mMmGcwilersent Cycling in the central Gyre of the @lorth 


Pacific Ocean," Limnology and Cceanograohy, Vol. 18, 
NO. 4, De 534-551, ES 73 


Soreman esse Ceattnyy, Uedle mend reavey, DsGs, 
"Growth Rate Influence on the Chemical Composition of 
Phytoovlankton in Oceanic Waters," Nature, Vol. 275, 
1979. 


Hanson, W.E.-, Nutrient Study of mesoscale Thermal 


BecLuUseSseOLenrOinc ous, California, tiaster’s Thesis, 
Naval rostgraduate School, Monterey, California, 1980. 


Nt t to Disterourrion LIst 


NO. Copies 


Defense Technical Information Center 2 
Cameron Station 

Alexandria, Virginia 22314 

Mebramy, Codeloud2 2 


Naval Postgraduate School 
Ponterey, California 93940 


Chairman, (Code 68 Mr) c 
Department of Cceanogranony 

Naval Postgraduate School 

Monterey, California 93940 


Chairman, (Code 63 Rea) dt 
Department of Meteorology 

Naval Postgraduate School 

Monterey, California 93940 


Sree sees icadanza, Code 6&6 Tg 7 
Department of Oceanography 

Naval Postgraduate School 

Monterey, California 93940 


foe ose OL 1. 5 
NORDA 

Molk station 

Bay St. Louis, ississipvi Pera? 

baeector ae 


Naval Cceanography Division 
Naval Observatory 

34th & Massacnusetts Avenue NW 
Vasmmgeaen, ©. C. 20390 


f-- 


Commander 

Naval Uceanograony Command 

yo Ue eoae ON 

Bay eee sOuls, MISS1SSipp1i So Deo 


Commanding Cfificer i 
Naval Cceanograchic Cffice 
nisl oeeowe til On 

bay oeeeeouls, 1SSiSSLODD1 


(iJ 
LO 
Ur 
(O 
WO 


ie 





J35 


EZ 


> 


14. 


eS 


ane 6 


ite 


re. 


es 


Commanding officer 
"leet Numerical Cceanography Center 
bonterey, California 33240 


Commanding Officer 

waval Ocean Research « Development 
Celie y 

notL Station 

Bay St. LOLS, Waississivpi Boa Zo 


Cffice of Naval Research (Code 482) 

Naval Ccean Research & Development 
ACC1 VERY 

Mor wseelt Lon 

Bey St, Louis, *Wississippi Be a20 


Sementific¢ {1a1son CLiice 

Office of Naval Research 

Scriops Institution of Oceanography 
waetsolia, Calliiernia S2027 


POR eay, 

S@eises Institution of Cceanography 
PC asec 0 / 

coo lene Gc aiaeeOornl a coe? 


Lisorary 

Department of Cceanocgrapny 
University of washington 
Seattie, Washington eae 5 
v 


m 
i 


tay by 


th hy 


: 
repaga 
es 
O 


ri (3 ie 


fo. EOx 4503 
Sem LYSlaxveo, California S07 3S 


Office of Naval rResearcn (Code 480) 

Naval Ccean research and Development 
AGelvi ty 

NSTL Station 

Bey St. Louis, *1SS1Ssippi 39529 


Chief of Naval Research 
S00 N. Guincy Street 
meewecon, Jirginia Ze, 


emmenmecing OLLzcer 

Naval Environmental Prediction Research 
Bae ty 

Monterey, California 33940 


? 
NO 
tO 


}~- 





AOE 


21. 


Cee 


23. 


Da. 


25. 


Chairman, Oceanography Department 
U.S. Naval academy 
Pnnepolis, Maryland 21402 


Mr. Ben Cagle 

WElr1ece CE Noval Reseacch Branch Office 
1O30 Hast Green Street 

Pasadena, California Same 


Dr. Robert EB. Stevenson 

Sceencifivc bialscn Oflice, OMR 
Scripps Institution cf Oceanography 
fot cuewa, Cola tOrnia 2203 / 


Ms. Bonita Hunter, Code 68 
Department of Oceanography 
Naval Postgraduate Schcol 
Monterey, California 93940 


Been Craig S. Nelson 

Pacific Environmental Group 
e/o FROC 

Monterey, California 93940 


Dr. Edward Green 

Office of Naval 102 Research (code 482) 
Ocean Sciences & Technology Division 
Chemical Cceanography Program 

hemes stetion 

Ba est es fouls, mLSSiSS1DpD1 So] 


|— 

















Thesis 

O72 55 Jori 

cyl Estimating the dis- 
tribution and produc- 
tion of microplankton 
in a coastal upwelling 
front from the cellu- 
lar content of guano- 
sine-5' triphosphate 
and adenosine-5' tri- 
phosphate. 


wl 


TAN 





